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(54) Image processing method and apparatus 

(57) A filtering process and an interpolating opera- 
tion process are carried out in steps on an original 
image signal and, in the respective steps, a plurality of 
unsharp image signals are formed, which represent 
images having the same size as the size of the original 
image and have different frequency characteristics. 
Band-limited image signals are formed from the 
unsharp image signals and the original image signal, 
restricted by conversion, and integrated. An integration 
signal composed of predetermined frequency compo- 
nents of the original inrtage signal is thereby formed. The 
frequency emphasis processing is earned out by multi- 
plying the integration signal by an emphasis coefficient, 
and adding the resulting product to the original image 
signal. The dynamic range compressing process is car- 
ried out by converting a difference signal, which is 
obtained by subtracting the integration signal from the 
original image signal, and adding the converted differ- 
ence signal to the original image signal. An artifact is 
ther^y prevented from occurring at a region in the 
vicinity of an edge. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to processing for forming a plurality of unsharp image signals, which have different frequency 
characteristics, from an image signal. This invention also relates to frequency emphasis processing for emphasizing 
high frequency components of the image signal by utilizing the unsharp image signals. This invention further relates to 
a dynamic range conpressing process for rendering the level of contrast of tiie original image low by utilizing the 
unsharp image signals. 

Description of the Prior Art 

Techniques for obtaining an image signal, which represents an image, carrying out appropriate image processing 
on the image signal, and thereafter reproducing a visible image from the processed image signal have heretofore been 
carried out in various fields. For example, in methods for carrying out such techniques, an image is transformed into 
multi-resolution images by a Fourier transform, a wavelet transform, a sub-band transform, or the like, and the image 
signal representing the image is tiiereby decomposed into signals falling within a plurality of different frequency bands. 
Thereafter, of the decomposed signals, a signal falling wrthin a desired frequency band is subjected to predeternrtined 
image processing. 

As one of such methods, a method has been proposed, wherein an original image is transformed into multi-reso- 
lution images by utilizing an unsharp mask filter as in the technique using the wavelet transform, and image processing 
is then carried out on an unsharp image signal representing the unsharp image of each solution. The proposed metiiod 
is utilized in image processing of radiation images, and the like. 

Also, in the field of radiation image processing, when a radiation image (i.e. , a tomographic image) of a tomographic 
plane is recorded witii a tomographic image recording operation described in. for example. U.S.P. 4.581,535. it often 
occurs that the amount of transmitted radiation changes sharply at a portion, which is located at a position other than 
the tomographic plane. In such cases, an image pattern of such a portion occurs as an interfering pattern (or an inter- 
fering shadow) in tiie direction, along which the recording medium moves, and at a center region which is to be used in 
the radiation image. (Such an interfering pattern will hereinafter be referredto as the "tlow pattern.") An image process- 
ing method for eliminating ttieflow pattern is proposed in, for example, Japanese Unexamined Patent Publication No. 
3(199i).276265. With tiie proposed image processing method, low frequency components corresponding to tiie flow 
pattern are removed from the image signal, which represents the radiation image obtained from tfie tomographic image 
recording operation, and an image free of tiie ftow pattern is thereby obtained from the resulting Image signal. The 
unsharp image signal desaibed above can also be utilized in the process for eliminating the flow pattern. 

The applicant proposed the methods for carrying out frequency emphasis processing on an image signal by utiliz- 
ing an unsharp image signal in order tiiat a visible radiation image having good image quality can be reproduced and 
used as an effective tool in, particularly, tiie accurate and efficient diagnosis of an illness. The methods for carrying out 
the frequency emphasis processing are disclosed in. for example, U.S. Patent Nos. 4,315.318 and 4,317,179. With tiie 
frequency emphasis processing, an unsharp mask image signal (hereinbelow often referred to as the unsharp image 
signal) Sus is subtracted from an original image signal Sorg, which has been detected from a radiation image. The 
obtained difference value is multiplied t>y an emphasis coefficient p. The resulting product is then added to tiie original 
image signal Sorg. In this manner, predetermined frequency components in the image can be emphasized. The fre- 
quency emphasis processing is represented by Formula (1) shown below. 

Sproc=Sorg+px(Sorg-Sus) (1) 

wherein Sproc represents tiie signal obtained from the frequency emphasis processing, Sorg represents the original 
image signal. Sus represents the unsharp image signal, and p represents the emphasis coefficient. 
The unsharp image signal Sus can be obtained by carrying out an operation with Formula (2) 

Sus=5:Sorg/(MxN) (2) 

on tiie image signal components of tiie original image signal Sorg.' which represent MxN picture elements sun-ounding 
a middle picture element. By way of example, each of picture elements located at every second row and every second 
column in the array of picture elements constituting the image is taken as the middle picture element. 

The unsharp image signal Sus representing an unsharp image, which results from tiie unsharp mask processing 
and has a resolution lower tiian the resolution of the original image, can also be obtained by utilizing an unsharp mask 
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filter, which has a predetermined size, and calculating the mean value or the weighted mean value of the values of the 
picture elements located within the unsharp mask filter. 

The applicant also proposed a method for compressing a dynamic range of an image, wherein an unsharp image 
signal is utilized, and the level of contrast of the parts of the image having a high or low image density or the level of 
contrast of the whole image is rendered low such that the difference between the highest image density and the lowest 
image density in the original image may become small, i.e. such that the dynamic range of the original image may 
become nanow. The method for compressing a dynamic range off an image is disclosed in, for example, U.S.R 
5,454.044. The proposed method comprises the steps of calculating an unsharp image signal Sus from the original 
image signal representing the original image, and processing the original image signal with Formula (3) 

SprocsSorg4-f(Sus) (3) 

wherein f(Sus) represents a function, the value of which decreases monotonously as the value of the unsharp image 
signal Sus increases. In this manner, a processed image signal Sproc is obtained, which represents an Image having 
a dynamic range narrower than the dynamic range of the original image. With the proposed method, both the dynamic 
range of parts of the image, which parts have low levels of image density, and the dynamic range of parts of the image, 
which have high levels of image density, can be compressed appropriately. Also, in cases where the differential coeffi- 
cient of the function f(Sus) is set to be continuous, no artificial contour occurs in the Image represented by the proc- 
essed image signal Sproc. In this manner, the range of image density of the image can be compressed such that the 
parts of the image covering a wide range of image density can be used and may have good image quality in the repro- 
duced visible image, and the image quality of fine image structures at each of parts having various levels of image den- 
sity may be kept good. 

in the image processing described above, in order for the original image to be transformed into the multi-resolution 
images by utilizing unsharp mask filters, it is necessary to use a plurality of filters having different sizes. In particular, in 
order for an unsharp image having a low resolution to be obtained, it Is necessary to use a filter having a large size. 
However, if the size of the filter becomes large, the amount of operations for carrying out the filtering process will 
become very large, and a long time will be required to can-y out the operations for conducting the unsharp mask 
processing. Also, it will become necessary to use a storage means having a large capacity for storing the information, 
which represents the plurality of the filters for obtaining the plurality of unsharp images having different levels of resolu- 
tion. Therefore, the apparatus for carrying out the processing cannot be kept small, and the cost of the apparatus can- 
not be kept low. 

Further, in cases where the unsharp image signal is formed with the unsharp mask filter, in the region in the vicinity 
of an edge in the image, at which the image density changes sharply, the unsharp image signal is affected by the image 
density of the edge in the image. Therefore, if the frequency emphasis processing, the dynamic range compressing 
process, or the flow pattem eliminating process described above is carried out by using the unsharp image signal, the 
problen^ will occur in that an artifact, such as overshoot undershoot, or an artificial contour, occurs, and the image 
quality of the image obtained from the processing cannot be kept good. 

SUMMARY OF THE INVENTION 

The primary object of the present invention is to provide a multi-resolution transforming method, in which the 
amount of operations for obtaining multi-resolution unsharp images is kept small and which is capable of being can-ied 
out with an apparatus having a small size. 

Another object of the present invention is to provide an apparatus for carrying out the multi-resolution transforming 
method. 

A further object of the present invention is to provide an image processing method, wherein frequency emphasis 
processing is carried out on an original image signal by utilizing a plurality of unsharp image signals such that no artifact 
may occur in a region in the vicinity of an edge in the image, and such that a processed image having good image qual- 
ity may be obtained. 

A still further object of the present invention is to provide an apparatus for carrying out the image processing 
method. 

Another object of the present invention is to provide a dynamic range compressing method, wherein a dynamic 
range compressing process is can-ied out on an original image signal by utilizing a plurality of unsharp image signals 
such that no artifact may occur in a region in the vicinity of an edge in the image. 

A further object of the present invention is to provide an apparatus for carrying out the dynamic range compressing 
method. 

The present invention provides a multi-resolution transforming method, wherein an original image constituted of a 
lattice-like an-ay of picture elements, which are located at predetermined intervals along the rows and columns of the 
lattice-like array, is transformed into a multi-resolution space, the method comprising the stqas of: 



3 

EP 076e202A2J_> 



EP 0 766 202 A2 

i) carrying out a filtering process on the original image, the filtering process being carried out by using a filter having 
a predetermined size and with respect to each of picture elements selected at predetermined intervals, a first filter- 
ing-processed image being thereby obtained. 

ii) carrying out said filtering process on said first filtering-processed image, a second filtering-processed image 
5 being thereby obtained. 

iii) successively carrying out said filtering process on the respective filteringisrocessed images, which are thus 
obtained successively, the original image being thereby transformed into a plurality of images having different levels 
of resolution, and 

iv) carrying out an interpolating operation process on each of the plurality of said images having different levels of 
10 resolution, whereby multi-resolution transformed images, each of which is constituted of the same number of pic- 
ture elements as that of the picture elements constituting the original image, are obtained. 

The present invention also provides a multi-resolution transforming apparatus, wherein an original image consti- 
tuted of a lattice-like array of picture elements, which are located at predetermined intervals along the rows and coi- 
rs umns of tiie lattice-like array, is transformed into a multi-resolution space, the apparatus comprising: 

i) a filtering means for transforming the original image into a plurality of images having different levels of resolution 
by: 

20 candying out a filtering process on the original image, the filtering process being carried out by using a filter hav- 

ing a predetermined size and with respect to each of picture elements selected at predetermined intervals, a 
first filtering-processed image being tiiereby obtained, 

candying out said filtering process on said first filtering-processed image, a second filtering-processed image 
being thereby obtained, and 

25 successively carrying out said filtering process on the respective filtering-processed images, which are thus 

obtained successively, and 

ii) an interpolating operation means for carrying out an interpolating operation process on each of the plurality of 
said images having different levels of resolution, and thereby obtaining multi-resolution transformed images, each 

30 of which is constituted of the same number of picture elements as that of the picture elements constituting tiie orig- 
inal image. 

Witii tiie multi-resolution transforming metiiod and apparatus in accordance with the present invention, tiie filtering 
process is carried out by using the filter having a predetermined size and with respect to each of the picture elements 

35 of tiie image, which are selected at predetermined intervals, and the first f Otering-processed image is thereby obtained. 
The filtering process is then carried out on the first filtering-processed image, and the second filtering-processed image 
is tiiereby obtained. In tiiis manner, the filtering process is successively carried out on the respective filtering-processed 
Images, which are obtained successively. Therefore, from the filtering process carried out successively, tiie plurality of 
the Image are obtained, in which tiie high frequency components have been removed in steps from the original image. 

40 Also, the filtering process is carried out with respect to each of the picture elements of the image, which are selected at 
predetermined intervals, and therefore tiie sizes of the filtering-processed images become small in steps from the size 
of the original image. The interpolating operation process is then carried out on each of the filtering-processed images, 
and the size of each of tiie filtering-processed images is thereby enlarged. In this manner, the multi-resolution trans- 
formed images, each of which is constituted of the same number of picture elements as that of the picture elements 

45 constituting the original image, i.e., each of which has tiie same size as that of tiie original image, can obtained. 

Specifically, the multi-resolution images are obtained by successively carrying out the filtering process by using the 
filter having the predetermined size. Therefore, it becomes unnecessary to use a plurality of filters. Accordingly, it 
becomes unnecessary to provide a memory for storing tiie information representing the plurality of filters, and the multi- 
resolution transforming apparatus can be kept small in size. Also, even if the size of the filter is not set to be large, the 

so images of low resolution can be obtained in steps. Therefore, the problems can be prevented from occurring in that the 
amount of operations becomes large due to an increase in tiie size of the filter. As a result, the multi-resolution unsharp 
images can be obtained quickly. 

The present invention further provides an image processing method, wherein a signal concerning high frequency 
components of an original image is added to an original image signal, which represents the original image, and the high 

55 frequency components of the original image are thereby emphasized, the method comprising the steps of: 

i) forming a plurality of unsharp mask image signals, which have different frequency response characteristics, from 
the original image signal, 

ii) forming a plurality of band-limited image signals, each of which represents one of signals folOng wittiin a plurality 
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of different frequency bands of the original image signal, from the original image signal and the plurality of said 
unsharp mask image signals, or from the plurality of said unsharp mask image signals. 

iiO carrying out a converting process on at least a single band-limited image signal, which is among the plurality of 
said band-iimited image signals, such that at least a portion of the band-limited image signal may become small, a 
5 plurality of converted image signals being tiiereby formed, and 

iv) integrating the plurality of said converted image signals, whereby the signal concerning the high frequency com- 
ponents of the original image, which signal is to be added to the original image signal, is obtained. 

The present invention still further provides an image processing apparatus, wheran a signal concerning high fre- 
10 quency components of an original image is added to an original image signal, which represents the original image, and 
the high frequency components of the original image are thereby emphasized, the apparatus comprising: 

i) an unsharp mask image signal forming means for forming a plurality of unsharp mask image signals, which have 
different frequency response characteristics, from the original image signal, 
75 ii) a band-limited image signal forming means for forming a plurality of band-limited image signals, each of which 
r^resents one of signals falling wHhin a plurality of different frequency tands of the original image signal, from the 
original image signal and the plurality of said unsharp mask image signals, or from the plurality of said unsharp 
mask image signals. 

iii) a conversion means for carrying out a converting process on at least a single band-limited image signal, which 
20 is among the plurality of said band-limited image signals, such that at least a portion of the band-limited image sig- 
nal may become small, and thereby forming a plurality of converted image signals, and 

iv) a frequency emphasis processing means for integrating the plurality of said converted image signals, and 
thereby obtaining the signal concerning the high frequency comp)onents of the original image, which signal is to be 
added to the original image signal. 

25 

With the image processing method and apparatus in accordance with the present invention, the converting process 
is can-ied out on at least a single t^d-limited image signal, which is among the plurafity of the band-limited image sig- 
nals, such that at least a portion of tiie band-limited image signal may become small. The plurality of the converted 
image signals are thereby formed. The converted image signals are then integrated, and the signal concerning the high 

30 frequency components of the original image, which signal is to be added to the original image signal, is thereby 
obtained. Therefore, a band-limited image signal having a signal value, the absolute value of which is comparatively 
large, can be converted into a signal, which has small influence upon tiie signal concerning the high frequency compo- 
nents to be added to the original image signal, and which has substantially the same characteristics as a signal 
obtained with an unsharp mask having a small size. Accordingly, in the region in the vicinity of an edge in the image, at 

35 which the image density changes sharply, the influence of a signal, which causes an artifact to occur, can be weakened. 
As a result, an image having no artifact and having good image quality can be obtained from the processing. 

The present invention also provides a dynamic range compressing metiiod. wherein a signal concerning low fre- 
quency components of an original Image is added to an original Image signal, which represents tiie original image, and 
the dynamic range of the original image is tiiereby compressed, tiie method comprising tiie steps of: 

40 

i) forming a plurality of unsharp mask image signals, which have different frequency response characteristics, from 
the original image signal. 

ii) forming a plurality of band-limited image signals, each of which represents one of signals falling within a plurality 
of different frequency bands of the original image signal, from the original image signal and the plurality of said 

45 unsharp mask image signals, or from the plurality of said unsharp mask image signals, 

iii) carrying out a converting process on at least a single band-limited image signal, which is among the plurality of 
said band-limited image signals, such that at least a portion of tiie band-limited image signal may become small, a 
plurality of converted image signals being thereby formed. 

iv) integrating the plurality of said converted image signals, an integration signal being thereby obtained, 

so v) subti-acting said integration signal from the original image signal, a difference signal being thereby obtained, and 
vi) converting said difference signal, whereby the signal concerning the low frequency components of the original 
image, which signal is to be added to the original image signal, is obtained. 

The present invention further provides a dynamic range compressing apparatus, wherein a signal concerning low 
55 frequency components of an original image is added to an original image signal, which represents the original image, 
and tiie dynamic range of the original image is tiiereby compressed, tiie apparatijs comprising: 

i) an unsharp mask image signal forming means for forming a plurality of unsharp mask image signals, which have 
different frequency response characteristics, from the original image signal. 
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ii) a band-limited image signal forming means for forming a plurality of band-limited image signals, each of which 
represents one of signals falling within a plurality of different frequency bands of the original image signal, from the 

. original inrmge signal and the plurality of said unsharp mask image signals, or from the plurality of said unsharp 
mask image signals, 

iii) a conversion means for carrying out a converting process on at least a single band-limited image signal, which 
is among the plurality of said band-limited image signals, such that at least a portion of the band-limited image sig- 
nal may become small, and thereby forming a plurality of converted image signals. 

iv) an integration means for integrating the plurality of said converted image signals, and thereby obtaining an inte- 
gration signal, 

v) a subtraction means for subtracting said integration signal from tiie original image signal, and thereby obtaining 
a difference signal, and 

vi) a compressing process means for converting said difference signal, and thereby obtaining the signal conceming 
the low frequency components of the original image, which signal is to be added to the original image signal. 

With the dynamic range compressing method and apparatus in accordance with the present invention, the convert- 
ing process is carried out on at least a single band-limited image signal, which is among the plurality of the band-limited 
image signals, such that at least a portion of the band>limited image signal may become small. The plurality of the con- 
verted image signals are thereby formed. The absolute values of the converted Image signals are then integrated, and 
the integration signal is tiiereby obtained. The integration signal is then subtracted from the original image signal. In this 
manner, the signal concerning the low frequency components of the original image, which signal is to be added to the 
original image signal, is obtained. Therefore, a band-limited image signal having a signal value, the absolute value of 
which is comparatively large, can be converted into a signal, which has small influence upon the signal concerning the 
low frequency components to be added to the original image signal, and which has substantially the same characteris- 
tics as a signal obtained with an unsharp mask having a small size. Accordingly, in the region in the vicinity of an edge 
in the image, at which the image density changes sharply, the influence of a signal, which causes an artifect to occur, 
can be weakened. As a result, an image having no artif^ and having good image quality can be obtained from the 
dynamic range compressing process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a block diagram showing the concept behind the nruilti-resolution transforming apparatus in £uxx>rdance 
with the present Invention. 

Rgure 2 is a block diagram showing how a plurality of unsharp image signals are formed. 

Rgure 3 is an explanatory view showing a (one-dimensional) filter, which is used in the process for forming the 

unsharp Image sgnals. 

Rgure 4 Is an explanatory view showing how a filtering process Is carried out, 
Rgure 5 is a graph showing frequency characteristics of filtering-processed image signals, 
Rgure 6 is an explanatory view showing a (two-dimensional) filter, which may be used in a filtering process means, 
Rgure 7 is an explanatory view showing a filter, which Is used in an interpolating operation carried out on a filtering- 
processed Image signal B1 . 

Rgure 8 is an explanatory view showing how an interpolating operation Is carried out. 

Rgure 9 is an explanatory view showing a filter, which is used in an interpolating operation carried out on a filtering- 
processed image signal 82, 

Rgure 10 is an explanatory view showing how an interpolating operation is can-ied out, 
Rgure 11 Is a graph showing frequency characteristics of unsharp image signals, 

Rgure 12 is a block diagram showing tiie concept behind the image processing apparatus in accordance with the 
present invention. 

Rgure 13 is a block diagram showing an embodiment of the image processing apparatus in accordance with the 
present Invention, 

Rgure 14 Is a graph showing examples of frequency characteristics of band-limited image signals, 
Rgure 1 5 is a graph showing an example of a function, which is used in a converting process carried out on a band- 
limited image signal in a conversion means. 

Rgure 16 is a graph showing an example of frequency characteristics of a processed image signal, which is 
obtained with the image processing apparatus in accordance with the present Invention, 

Rgure 17 is a graph showing a different example of frequency characteristics of a processed image signal, which 
is obtained with the image processing apparatus in accordance with tiie present invention, 
Rgure 18 is a graph showing a different example of a function, which is used in a converting process carried out on 
a band-limited image signal in the conversion means. 

Rgure 19 is a graph showing different examples of frequency characteristics of band-limited image signals. 
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Figure 20 is a graph showing examples of functions used in a converting process carried out on band-limited image 
signals in accordance with the portions of an object, the images of which were recorded. 
Rgure 21 is a graph showing examples of functions used in a converting process carried out on band-limited image 
signals in accordance with the levds of frequency bands. 
5 Figure 22 is a graph showing different examples of functions used in a converting process canried out on band-lim- 

ited image signals in accordance with frequency bands. 

Figure 23 is a graph showing frequency characteristics of a processed image signal, which is obtained with tiie 
functions shown in Figure 21. 

Figure 24 is a graph showing frequency characteristics of a processed image signal, which is obtained with tiie 
10 functions shown in Figure 22, 

Figure 25 is a graph showing examples of functions, which are used in a converting process carried out in the con- 
version means. 

Figure 26 is a graph showing different examples of functions, which are used in a converting process can-ied out in 
the conversion means, 

IS Figure 27 is a graph showing examples of functions, which have botii of tiie characteristics of the functions shown 
in Figure 25 arKJ the characteristics of the functions shown in Figure 26. 

Rgures 28A-1, 28B-1, and 28C-1 are graphs showing frequency characteristics with respect to respective fre- 
quency bands. 

Figures 28A-2. 28B-2. and 28C-2 are graphs showing frequency characteristics with respect to tiie entire frequency 
20 band, which correspond respectively to Figures 28A-1 , 28B-1 , and 28C-1 , 

Rgures 29A, 29B. 29C. and 29D are explanatory views showing tiie problems encountered when all of band-limited 
image signals are converted with a single kind of function, 

Figure 30A is an explanatory view showing ideal patterns of frequency components at an edge in the image. 
Figure 308 is an explanatory view showing actual patterns of frequency components at an edge in the image, 
25 Figure 31 is a graph showing examples of functions, which are used for the conversion of band-limited image sig- 
nals in cases where tiie value of an emphasis coefficient is small. 

Rgure 32 is a graph showing examples of functions, which are used for the conversion of band-limited image sig- 
nals in cases where the value of an emphasis coefficient is large, 

Rgure 33 is a graph showing the response of an image signal, which is obtained when the functions shown in Rg- 
30 ure 31 are used for the conversion. 

Rgure 34 is a graph showing the response of an image signal, which is obtained when the functions shown in Rg- 
ure 32 are used for the conversion. 

Figure 35 is a block diagram showing a different embodiment of tiie image processing apparatus in accordance 
with the present invention, 

35 Rgure 36 is a graph showing an example of a function, which is used in a magnification ratio signal forming means. 
Rguresr37A, 37B. 37C, 37D. and 37E are explanatory views showing the effects off tiie embodiment shown in Rg- 
ure 35. 

Figures 38A-1. 38B-1. 38C-1. 38D-1, 38E-1, and Rgures 38A-2. 388-2. 38C-2, 38D-2, 38E-2 are explanatory 
views showing the effects of the embodiment shown in Figure 35, 
40 Rgure 39 is a kslock diagram showing a further different embodiment of the image processing apparatus in accord- 
ance with the present invention, 

Rgure 40 is a graph showing an example of a function for forming an auxiliary image signal by converting a band- 
limhed image signal, 

Figure 41 is a graph showing a different example of a function for forming an auxiliary image signal by converting 
45 a band-limited image signal. 

Figures 42A. 42B, 42C, 42D. 42E. and 42F are explanatory views showing ttie effects of tiie embodiment shown in 
Rgure 39. 

Figure 43 is a block diagram showing tiie concept behind the dynamic range compressing apparatus in accordance 
witii the present invention. 

so Rgure 44 is a graph showing an example of a monotonously decreasing function lor converting a difference signal. 
Rgures 45A and 45B are graphs showing different examples of monotonously decreasing functions for converting 
a difference signal. 

Rgure 46 is a graph showing a further different example of a monotonously decreasing function for converting a 
difference signal. 

55 Figures 47A and 478 are graphs showing still further different examples of monotonously decreasing functions for 
converting a difference signal. 

Figure 48 is a graph showing examples of frequency characteristics of integration signals. 
Figure 49 is a graph showing examples of frequency characteristics of difference signals. 
Figure 50 is a graph showing different examples of frequency characteristics of difference signals. 
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Rgure 51 is a graphs showing examples of functions used in a converting process in a conversion means, and 
Rgure 52 is an explanatory view showing how an unsharp image signal is formed in a region in the vicinity of an 
edge in the image. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will hereinbelow be described in further detail with reference to the accompanying drawings. 
Rgure 1 is a block diagram showing the concept behirKi the multi-resolution transforming apparatus in accordance 
with the present invention. As illustrated in Rgure 1. the multi-resolution transforming apparatus comprises a filtering 

10 process means 10 and an interpolating process means 11. The filtering process means 10 can-ies a filtering process 
on a received original image signal Sorg. The filtering process is carried out by using a filter having a predetermined 
size and with respect to each of picture elements selected at predetermined intervals, a first filtering-processed image 
being thereby obtained. Thereafter, the filtering process means 10 canies out the filtering process with the filter, which 
has the predetermined size, on the first filtering-processed image, a second filtering-processed image being thereby 

15 obtained. In this manner, the filtering process means 1 0 successively carries out the filtering process on the respective 
filtering-processed images, which are thus obtained successively. The interpolating process means 1 1 cam'es out an 
interpolating operation process on the plurality of the filtering-processed images and thereby obtains multi-resolution 
unsharp image signals, each of which is constituted of the same number of picture elements as that of the picture ele- 
ments constituting the original image, i.e. each of which has the same size as the size of the original image. 

20 Rgure 2 is a block diagram showing how the plurality of tiie unsharp image signals are formed in the multi-resolu- 
tion transforming apparatus shown in Rgure 1 . As illustrated in Figure 2, the digital original image signal Sorg repre- 
senting the original image is subjected to the filtering process, which is carried out with a low pass filter L in tiie filtering 
process means 10. As the low pass filter U by way of example, a 5x1 grid-like filter F shown in Figure 3 may be used. 
The filter F approximately corresponds to a one-dimensional Gaussian distribution. The filter F may be represented by 

25 Formula 



f(t) = e^"' (4) 

30 

wherein a=1. The Gaussian signal has good locality characteristics both in the frequency space and in tiie spatial 
domain and is therefore utilized as the filter F. 

The filtering process is carried out with the filter F along x and y directions in the array of picture elements of tiie 
original image. In this manner, the filtering process is carried out with respect to the entire original image signal Sorg. 

35 In the filtering process means 1 0. the filtering process with the filter F is carried out in the manner described below. 
Rgure 4 is an explanatory view showing how the filtering process is carried out As illustrated in Figure 4. the filtering 
process is can-led out by using the filter F shown in Figure 3 and with respect to the image signal components of the 
original image signal Sorg, which represent the picture elements located at every second row and every second column 
in the array of picture elements of the original image. From the filtering process, a filtering-processed image signal B1 

40 is obtained. The filtering-processed image signal B1 represents a filtering-processed image, which has a size 1/4 times 
(1/2 times in each of the x direction and the y direction) as large as the size of tiie original image. Thereafter, the filtering 
process is carried out on the filtering-processed image signal B1 by using the filter F. The filtering process Is carried out 
with respect to the image signal components of the filtering-processed image signal B1 , which represent the picture ele- 
ments located at every second row and every second column in the array of picture elements of the filtering-processed 

45 image. The filtering process with tiie filter F is thus carried out successively, and n number of filtering-processed image 
signals Bk, where k=1 to n, are thereby obtained. Each of the filtering-processed image signals Bk represents the filter- 
ing-processed image, which has a size 1/2^^ times as large as the size of the original image. Also, the filtering-proc- 
essed image signsUs Bk have the frequency characteristics shown in Figure 5. As illusti-ated in Rgure 5, the filtering- 
processed image signals Bk have the response characteristics such that the high frequency components may have 

so been eliminated successively as the value of k becomes large. In Figure 5. the response characteristics of only the 
three filtering-processed image signals Bk, where k=1. 2, and 3, are shown. 

In the embodiment described above, the filtering process is canied out by using the one-dimensional filter F shown 
In Figure 3 and along the x direction and the y direction of the original image. Alternatively, as illustrated in Figure 6, the 
filtering process may be carried out on the original image signal Sorg and each of the filtering-processed image signals 

55 Bk by using a 5x5 two-dimensional filter. 

Thereafter, in the interpolating process means 1 1 shown in Figure 2, the interpolating operation process is carried 
out on each of the filtering-processed image signals Bk. From the interpolating operation process, multi-resolution 
unsharp images having tiie same size as the size of the original image are obtained. How the interpolating operation 
process is cam'ed out will be described hereinbelow. 
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As the interpolating operation technique, one of various techniques, such as a B spline technique, may be 
enrtployed. In this embodiment, the filter F in accordance with the Gaussian signal is used as the low pass filter, and 
therefore a Gaussian signal is utilized as the interpolation coefficient for carrying out the interpolating operation. The 
interpolation coefficient utilizing the Gaussian signal is represented by Formula (5) 

s 

_ii 

l(t) = 2 • a • e^*"^ (5) 

10 wherein <T=2'^*^ 

In the interpolating operation for the filtering-processed image signal B1, k-1 and therefore a=1. In cases where 
a=1 in Formula (5) shown above, the filter for carrying out the interpolating operation becomes identical with a 5x1 one- 
dimensional filter F1 shown in Figure 7. Firstly, a single picture element having a value of 0 is inserted between two 
adjacent picture elements in the filtering-processed image represented by the filtering-processed image signal 81. In 

15 this manner, the size of the filtering-processed image represented by the filtering-processed image signal B1 is 
enlarged to the same size as the size of the original image. Figure 8 illustrates the filtering-processed image signal B1 , 
which has been obtained from the insertion of the picture elements having a value of 0. as a one-dimensional pattern. 
Thereafter, a filtering process is carried out on the filtering-processed image signal B1 . which has been otstained from 
the insertion of the picture elements having a value of 0. by using the filter F1 shown in Figure 7. 

20 The filter F1 shown in Rgure 7 is the 5x1 filter. As illustrated in Figure 8, in the filtering-processed image repre- 
sented by the filtering-processed image signal B1 obtained from the inserting operation, a single picture element having 
a value of 0 has been inserted between two adjacent picture elements. Therefore, the filtering process, which Is carried 
out on the filteringisrocessed image signal B1 by using the filter F1, becomes substantially equivalent to the filtering 
process, which is carried out with two kinds of filters, i.e. a 2x1 filter (0.5, 0.5) and a 3x1 filter (0.1, 0.8, 0.1). From the 

25 filtering process, an unsharp image signal Susi is obtained, which is constituted of the same number of image signal 
components as that in the original image signal Sorg. i.e. which represents an unsharp image having the same size as 
that of the original image. 

Thereafter, a filtering process is carried out on the filtering-processed image signal 82. In the interpolating opera- 
tion for the filtering-processed image signal B2. k=2 and therefore a=2. in cases where <r=2 in Formula (5) shown 

30 above, the filter for carrying out the interpolating operation becomes identical with a 11x1 one-dimensional filter F2 
shown in Figure 9. Firstly, as illustrated in Figure 10. three picture elements having a value of 0 are inserted between 
two adjacent picture elements in the filtering-processed image represented by the filtering-processed image signal B2. 
In this manner, the size of the filtering-processed image represented by the filtering-processed image signal 82 is 
enlarged to the same size as the size of the original image. Thereafter, a filtering process is carried out on the f iltering- 

35 processed image signal B2. which has been obtained from the insertion of the picture elements having a value of 0. by 
using the filter F2 shown in Figure 9. 

The filter F2 shown in Figure 9 is the 1 1 xl fitter. As illustrated in Figure 1 0, in the filtering-processed image repre- 
sented by the filtering-processed image signal B2 obtained from the inserting operation, three picture elements having 
a value of 0 have been inserted between two adjacent picture elements. Therefore, the filtering process, which is car- 

40 ried out on the filtering-processed image signal B2 by using the filter F2. becomes substantially equivalent to the filter- 
ing process, which is can-led out with four kinds of filters, i.e. a 2x1 filter (0.5, 0.5) and 3x1 filters (0.3, 0.65, 0.05), (0.13, 
0.74, 0.13), and (0.05, 0.65, 0.3). From the filtering process, an unsharp image signal Sus2 is obtained, which is con- 
stituted of the same number of image signal components as that in the original image signal Sorg. 

The filtering process described above is carried out on ail of the fOtering-processed image signals Bk. In the inter- 

45 polating operation for the f ilterrng-processed image signals Bk, a filter having a length of 3x2*^-1 is prepared in accord- 
ance with Formula (5). Also. 2^-1 number of picture elements having a value of 0 are inserted between two adjacent 
picture elements of each filtering-processed image signal Bk. and the size of the filtering-processed image represented 
by the filtering-processed image signal Bk is thereby enlarged to the same size as that of the original image. Thereafter, 
the filtering process is carried out on the filtering-processed image signal Bk. which has been obtained from the inser- 

50 tion of the picture elements having a value of 0. by using the filter having a length of 3x2*^-1 . 

The filtering process carried out with the filter having a length of 3x2*^-1 becomes equivalent to the filtering process, 
which is carried out by using a filter having a length of 2 or 3 with a period of 2^. From the filtering process, n number 
of unsharp image signals Susk are obtained. When visible images are reproduced from the unsharp image signals 
Susk. multi-resolution unsharp images are obtained, which have different levels of resolution, i.e. which have different 

55 frequency response characteristics. As described above, even though the length of the filter becomes long, the filtering 
process becomes substantially equivalent to the filtering process carried out with a filter having a length of 2 or 3. There- 
fore, even though the length of the f Oter becomes long, the amount of operations does not become very large. Accord- 
ingly, the amount of operations can be kept small, and the multi-resolution unsharp image signals Susk can be obtained 
quickly. 
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In this embodiment, the filtering process is carried out along the x direction and the y cfirection of the image by using 
the one-dimensional filter having a length of 3x2^-1 . Alternatively, a two-dimensional fflter may be prepared previously, 
the filtering process of each of the ffltering-processed images may be carried out by using, the two-dimensional filter, 
and the un^arp image signals Susk may thereby be obtained. In such cases, as the filter used in the filtering process 

5 for carrying out the interpolating operation on the filtering-processed image, a (3x2*^-1)x(3x2*^-1) filter is used. As in 
cases where the one-dimensional filter described atx>ve is used, the filtering process with the two-dimensional fitter 
becomes equivalent to the filtering process, which is carried out by using a 2x2 or 3x3 filter with a period of 2^. There- 
fore, as in cases where the one-dimensional filter described above is used, even though the size of the filter becomes 
large, the amount of operations for carrying out the filtering process does not become very large. 

10 As described above, with the multi-resolution transforming method and apparatus in accordance with the present 
invention, even if the size of the fitter used for the filtering process is not set to be large, the low-resolution images can 
be obtained in steps. TTierefbre. the problems can be prevented from occuning in that the amount of operations 
becomes large due to an increase in the size of the fitter As a result, the unsharp image signals can be obtained quiddy 
Also, the filtering process is carried out by repeatedly using the same filter. Therefore, it becomes unnecessary to use 

15 a plurality of filters having different sizes. Accordingly, it becomes unnecessary to provide a memory having a large 
capacity for storing the information representing the plurality of filters, and the multi-resolution transforming apparatus 
can be kept small in size. 

The unsharp image signals Susk having been obtained in the manner described above have the frequency char- 
acteristics shown in Figure 11 . As illustrated in Figure 1 1 . the unsharp image signals Susk have the frequency charac- 

20 teristics such that the high frequency components of the original image signal Sorg may have been eliminated 
successively as the value of k becomes large. 

Embodiments of the image processing method and apparatus in accordance with the present invention, wherein 
processing for enphaslzing predetenmined frequency components of the original image signal is carried out by utilizing 
the unsharp image signals, will be described hereinbelow. 

25 Rgure 12 is a block diagram showing an emtxxiiment of the image processing apparatus in accordance with the 
present invention, wherein the multi-resolution transforming apparatus shown in Figure 1 is provided as an unsharp 
image signal forming means. As illustrated in Figure 12, the image processing apparatus comprises an unsharp image 
signal forming means 1 for forming multi-resolution unsharp image signal SusK where k=1 to n. which have different 
frequency response characteristics, from a received original image signal Sorg. The image processing apparatus also 

30 comprises a band-limited image signal forming means 2 for forming a plurality of band-limited image signals from the 
unsharp image signals Susk. which have been fonmed by the unsharp image signal forming means 1 . The image 
processing apparatus further comprises a conversion means 3 for carrying out a converting process on at least a single 
band-limited image signal, which is among tiie plurality of the barxJ-limited image signals having been formed by the 
band-limited image signal forming means 2, such that at least a portion of the band-limited image signal may become 

35 small. The image processing apparatus still further comprises an integration means 4 for integrating the converted 
band-limited image signals, which have been obtained from the conversion means 3, and thereby forming an integration 
signal. The image processing apparatus also comprises a frequency emphasis processing means 5 for multiplying tiie 
integration signal by a predetermined emphasis coefficient, adding tiie resulting product to the original image signal 
Sorg, and thereby obtaining a processed image signal Sproc, in which tiie high frequency components of the original 

40 image have been emphasized. 

Rgure 1 3 is a block diagram showing the entire constitution of the embodiment of tiie image processing apparatus. 
As illustrated in Figure 13, tiie plurality of the unsharp image signals Susk. which have been formed by the unsharp 
innage signal forming means 1. are then processed in the band-limited image signal forming means 2 and the conver- 
sion means 3. Rrstiy, the band-limited image, signals are formed from the original image signal Sorg and the plurality 

45 of the unsharp image signals SusK which have been formed by the unsharp image signal forming means 1. Each of 
the band-limited image signals is obtained from a subtracter 21 , which subtracts the unsharp image signals Susk of two 
adjacent frequency bands (as for the original image signal Sorg, Sorg and Sus1) from each other. Specifically, the val- 
ues of Sorg - Susi , Susi - Sus2, .... SusN-1 - SusN are calculated successively, and the plurality of the band-limited 
image signals are thereby obtained. Figure 14 shows the frequency characteristics of the band-limited image signals. 

so As illustrated in Figure 14. tiie barKi-limited image signals have the frequency characteristics such that they may repre- 
sent the bands of low frequency components of the original image signal Sorg as tiie value of k of the unsharp image 
signal Susk becomes large. 

Thereafter, in the conversion means 3. each of the band-limited image signals is converted in accordance with the 
level of tiie band-limited image signal. The conversion of each band-limited image signal is can-ied out by a converter 
55 22 by utilizing, for example, a function f shown in Figure 15. The function f has the characteristics such that the inclina- 
tion of the function may be equal to 1 witii respect to the band-limited image signal having the absolute value, which is 
smaller tiian a tiireshold value Thi, and such ttiat the inclination of the function may be smaller than 1 with respect to 
the band-limited image signal having the absolute value, which is larger tiian the threshold value Thi. The same func- 
tion may be utilized for the respective band-limited image signals, or different functions may be utilized for the respective 
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band-limited image signals. 

The band-limited image signals, which have been converted with the function f, are fed into an operation device 23, 
which is provided with the integration means 4 and the frequency enphasis processing means 5 described above. In 
the operation device 23, the processing is carried out in the manner described below. Firstly, the band-limited image 

5 signals, which have been converted with the function f. are integrated, and the integration signal is thereby obtained. In 
the frequency emphasis processing means 5, the integration signal is multiplied by an emphasis coefficient p. which 
has a value in accordance with the value of the original image signal Sorg. The resulting product is then added to the 
original image signal Sorg, and the processed image signal Sproc is thereby obtained. 

The aforesaid processing carried out by the band-limited image signal forming means 2. the conversion means 3. 

10 the integration means 4. and the frequency emphasis processing means 5 may be represented by Formula (6) shown 
below. 



Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1 ,Sus2 SusN) Fusm(Sorg.Sus1 ,Sus2 SusN) (6) 

={f1(Sorg - Su5l)+f2(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

15 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg rep- 
resents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k^l to N) represents 
the function for converting tiie band-limited image signal, and p{Sorg) represents the emphasis coefficient determined 
in accordance with the original image signal. 

20 By way of example, the processed image signal Sproc, which has been obtained in the manner described above, 
has tiie frequency response characteristics shown in Figure 16. Specifically, the band-limited image signals have tiie 
characteristics such that, in a flat region in which the change in the image density of the original image is comparatively 
small, the absolute value of the signal value of each band-limited image signal may be small in each frequency band. 
On the other hand, as illustrated in Figure 52, in a region in the vicinity of an edge in the image, at which the image den- 

25 sity changes sharply, in cases where tiie band-limited image signal is of a comparatively low frequency band, i.e. in 
cases where the size of the unsharp mask used lor obtaining tiie unsharp Image signal Susk is comparatively large, tiie 
edge in the image is contained in tiie unsharp mask, which is set for a picture element located in the vicinity of the edge. 
Therefore, in such cases, the band-limited image signal is affected by the edge, and the absolute value of the signal 
value of the band-limited image signal becomes comparatively large. In this manner, a portion, which does not consti- 

30 tute tiie edge in ttie image, is affected by tiie image density value of tiie edge, and an artifact, such as overshoot or 
undershoot, occurs at the edge portion in tiie image, which is obtained from the image processing. 

Therefore, the band-limited image signal is converted with tiie aforesaid function f such tiiat. in cases where the 
absolute value of the band-limited image signal is larger than the tiireshoid value Th1 . tiie absolute value may become 
small. The band-limited image signals having tiius been converted are integrated, and the obtained integration signal 

35 is emphasized with tiie predetermined emphasis coefficient. The signal concerning tiie high frequency components, 
which is to be added to the original image signal Sorg, is tiiereby obtained. 

Therefore, as illustrated in Figure 16. in the flat region in which no edge is located, tiie processed image signal 
Sproc has the frequency characteristics indicated by tiie solid line. Also, as indicated by the broken line in Figure 16, in 
the region in the vicinity of an edge, the processed image signal Sproc has tiie frequency characteristics such tiiat tiie 

40 response with respect to a comparatively low frequency band may become low. Thus tiie same effects can be obtained 
as those otslained when the size of the unsharp mask for ot}taining the unsharp image signal, i.e. Sus In Fbrmula (1), 
is set to be smaller than the size of the actual unsharp mask in region in the vicinity of an edge. 

In this manner, the band-limited image signal corresponding to the region in the vicinity of an edge and having a 
signal value, the absolute value of which is comparatively large, is converted into the signal, which has small influence 

45 upon the signal concerning the high frequency components to be added to the original image signal Sorg. Accordingly, 
in the region In the vicinity of an edge, at which the image density changes sharply, the influence of a signal, which 
causes an artifact to occur, can be weakened. As a result, an image having no artifact and having good image quality 
can be obtained from the processing. 

In the embodiment described above, the processed image signal Sproc is obtained witti Formula (6). Alternatively, 

so the processed image signal Sproc may be obtained witii Formula (7) shown below. Formula (6) and Fbrmula (7) are dif- 
ferent in the point described below. Specifically, in Fbrmula (6). the band-limited image signal is obtained by subtracting 
the signals of two adjacent frequency bands from each other. On the other hand, in Formula (7). the band-limited image 
signal is obtained by subtracting each of the unsharp image signals Susk of all frequency bands from tiie original image 
signal Sorg. The processed image signal Sproc obtained witti Formula (7) has tiie frequency characteristics shown in 

55 Figure 17. As illustrated in Figure 1 7, in tfie flat region in whicri no edge is located, tiie processed image signal Sproc 
has tiie frequency characteristics indicated by the solid line. Also, as indicated by the broken line in Rgure 1 7, in tiie 
region in the vicinity of an edge, the processed image signal Sproc has the frequency characteristics such that the 
response with respect to a comparatively low frequency band may become low. Thus the same effects can be obtained 
as those obtained when tiie size of the unsharp mask for obtaining the unsharp image signal Susk is set to be smaller 
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than the size of the actual unsharp mask in region in the vicinity of an edge. When the frequency characteristics indi- 
cated by the broken line in Figure 17 are compared with those in Figure 16, the response in Figure 17 becomes low 
over the entire frequency band. Therefore, in the frequency characteristics shown in Figure 17, the response becomes 
low also in the flat region, which is not located in the vicinity of an edge. Accordingly, the processed image signal Sproc 
5 should preferably be obtained with Formula (6). With Formula (6}, the response in the flat region does not become low. 
and only the response in the region in the vicinity of an edge becomes low. 

Sproc=Sorg+p(Sora) • Fusm{Sorg,Sus1 ,Sus2,....SusN) Fusm(Sorg,Sus1 ,Sus2.... .SusN) (7) 
=(1/N) • {f1{Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)) 

10 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg rep- 
resents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (ks1 to N) represents 
the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient determined 
in accordance with the original Image signal. 

15 Also, in the embodiment described above, as illustrated in Figure 15, the function for converting the band-limited 
image signal is set such that, in cases where the absolute value of the band-limited image signal is larger than the 
threshold value Thi, the eUbsolute value nrey become small. Alternatively, for example, as illustrated in Rgure 18. the 
function for converting the band-limited image signal may be set such that, in cases where the absolute value of the 
band-limited image signal is larger than the threshold value Thi , the absolute value may become small, and such that. 

20 in cases where the absolute value of the band-limited image signal is smaller than a threshoki value Tb2, the absolute 
value may become small. 

In this manner, a correction may be made such that, as the absolute value of the band-limited image signal 
becomes smaller than the threshold value Th2, which is smaller than the threshold value Thi , the absolute value of the 
band-limited image signal may be converted to a small value. In such cases, the response with respect to the conrpo- 

25 nents, which have a small absolute value of a signal value and may be considered as being noise in the image, can be 
rendered low. As a result noise in the processed image can be reduced. 

Further, in the embodiments described above, the processed image signal Sproc is obtained with Formula (6) or 
Formula (7). As another alternative, the processed image signal Sproc may be obtained with Formula (8) shown below. 
Formula {7) and Formula (8) are different in the point described below. Specifically, in Formula (7). the band-limited 

30 image signal is obtained by subtracting each of the unsharp image signals Susk of all frequency bands from the original 
image signal Sorg. On the other hand, in Formula (8), each of the unsharp image signals Susk. where k=2 to N, is sub- 
tracted from the unsharp image signal Susi . The band-limited image signals in Formula (8) have the frequency char- 
acteristics shown in Figure 19. As illustrated in Figure 19. the processed Image signal Sproc obtained with Formula (8) 
has the frequency characteristics such that the high frequency conrponents may have been eliminated. 

35 In the processing candied out with Formula (7), the high frequency components, which can be considered as being 
noise in the image, are also emphasized, and therefore noise becomes perceptible in the resulting processed image. 
On the other hand, as illustrated in Rgure 19. in the processing canried out with Formula (8). the processed image sig- 
nal Sproc can be obtained such that the high frequency components may have been eliminated. Therefore, noise is not 
emphasized, and a processed image having good image quality can be obtained. 

40 

Sproc=Sorg+p(Sorg) • FusmfSusI ,Sus2 SusN) Fusm(Sus1 .Sus2 SusN) (8) 

=(1/N) • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... +fk{Sus1 - Susk)+...+fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg rep- 
45 resents the original image signal. Susk (k-1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents 

the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient deterrrvned 

in accordance with the original image signal. 

As a further alternative, the processing may be carried out with Formula (9) shown below. In Formula (6) shown 

above, the band-limited image signal (Sorg - Susi) is used. On the other hand, in Formula (9), the band-limited image 
so signal (Sorg - Susi) is not used. As a result, the highest frequency components shown in Rgure 14 are eliminated. 

Therefore, as in the processing carried out with Formula (8), the processed image signal Sproc can be obtained such 

that the high frequency components may have been eliminated. Accordingly, noise is not emphasized, and a processed 

image having good image quality can be obtained. 

Sproc=Sorg+p(Sorg) • Fusm(Sus1 ,Sus2,...,SusN) Fusm(Sus1 ,Sus2 SusN) (9) 

={f2(Sus1 - Sus2)4-g(Sus2 - Sus3)-f ... 4-fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg rep- 
resents the original image signal. Susk (k^^l to N) represents the unsharp mask image signal, fk (k^2 to N) represents 
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the function for converting the band-limited image signal, and p{Sorg) represents the emphasis coefficient determined 
in accordance with the original image signal. 

The frequency band, which is to be used in making a diagnosis, or the like, varies for different portions of the object, 
the images of which were recorded. For example, as for the images obtained with the double contrast image recording 
of the lungs and the stomach, the comparatively low frequency components should preferably be emphasized in the 
lung image, and the comparatively high frequency components should preferably be emphasized in the stomach image 
such that the patterns of the folds of the walls of the stomach may be viewed. As for images containing patterns of 
bones or metal members, such as artificial bones, it is necessary to prevent an artifact from occurring due to excessive 
emphasis of the edges of the bone patterns or the metal member patterns. However, as for the images, which do not 
contain edges, e.g. those of bones, such as mamma images, and in which an artifact will not occur easily, if the empha- 
sis of frequency components is earned out in the same manner as that for the images containing bone patterns, the 
image portions, which is to be used in making a diagnosis, will become difficult to view. Therefore, the shape of the func- 
tion f shown in Figure 15 should preferably be altered In accordance with the portion of the object, the image of which 
was recorded, or the frequency bands of the band-limited image signals. 

For example, as illustrated in Figure 20, as for the image containing bone patterns, the function f should preferably 
be set as indicated by B such that tfie high frequency components of the band-limited image signals may be restricted, 
and an artifact may be prevented from occurring at an edge. As for the image containing no bone pattern, such as a 
mamma image, the function f should preferably be set as indicated by A, and the converting process should preferably 
be carried out such that the high frequency components of the band-limited Image signals may also be emphasized, 
and the absolute values of the band-limited image signals may become large over approximately the entire frequency 
band. 

As for a chest image, the band-limited image signals should preferably be emphasized over the entire frequency 
band, and therefore the function f should preferably be altered as shown in Figure 21 In accordance with the frequency 
bands of the band-limited image signals. As for the double contrast image of the stomach, the high frequency compo- 
nents of the band-limited image signals should preferably be emphasized, and ttie low frequency components should 
preferably be restricted. Therefore, the function f should preferably be altered as shown in Figure 22 in accordance with 
the frequency bands of the band-limited image signals. Figure 23 shows the frequency characteristics of the processed 
image signal Sproc. which is obtained by converting the band-limited image signals in accordance with the functions f 
shown in Rgure 21. Figure 24 shows the frequency characteristics of the processed image signal Sproc, which is 
obtained by converting the band-limited image signals in accordance with tfie functions f shown in Figure 22. As illus- 
trated in Figure 23. as for the chest image, the response is emphasized over approximately the entire frequency band. 
Also, as illustrated in Figure 24. as for the double contrast image of the stomach, the response with respect to the high 
frequency band is emphasized to a higher extent than the response with respect to the other frequency bands. 

As described above, as for the chest image, the processing should preferably be carried out such that the response 
may be emphasized over the entire frequency band. In such cases, the lung field patterns becomes perceptible. Also, 
as for tiie double contrast image of the stomach, the processing should preferably be carried out such tiiat tfie response 
witfi respect to ttie high frequency band may be enphasized. In such cases, the patterns of tfie folds of the waUs of ttie 
stomach becomes perceptible. Also, in cases where the processing is carried out such that ttie absolute values of ttie 
band-limited image signals may be changed in accordance witti ttie frequency bands of ttie band-limited image signals 
or the portion of the object, the image of which was recorded, an image having good image quality in accordance witti 
the portion of ttie object, ttie image of which was recorded, or the frequency bands can be obtained. 

The conversion of the band-limited image signals in ttie conversion means 3 may be carried out regardless of the 
aforesaid threshold value Thi and in accordance witfi a plurality of functions f 1 to fN. which vary for different frequency 
bands, such that ttie absolute value of each tend-limited image signal may be converted to a value, which is not larger 
than tiie absolute value of ttie band-limited image signal and is determined in accordance witti ttie absolute value of ttie 
band-limited image signal. As the functions f 1 to fN. a combination of appropriate functions should preferably be set in 
accordance witfi ttie characteristics of tfie image processing which is to be achieved. 

In ttie embodiment which is free from the ttireshold value, the processed image signal Sproc can be adjusted, such 
that it may have arbitrary frequency characteristics, by varying ttie functions, which are used in the conversion means 
3, for different frequency bands. Therefore, ttie frequency characteristics of ttie processed image signal Sproc can be 
adjusted in accordance witti the conditfons, which are required for the images to be processed in the respective appa- 
ratuses described above. 

Effects obtained by varying the functions for different frequency bands will be described hereinbelow. Figures 29A. 
29B. 29C. and 29D are explanatory views showing ttie problems encountered witti the conventional technique, in which 
the same function is employed as ttie functions f 1 to fN, i.e. in which the band-limited image signals of all frequency 
bands are converted witti ttie same converting mettiod. In Figures 29A, 298, 29C. and 29D. ttie processing in ttie vicin- 
ity of an edge, at which ttie image density changes sharply, is illustrated in steps. Figure 29A shows a step-like profile 
of tfie original image signal and tiie profiles of the unsharp image signals having been formed from the original image 
signal. Rgure 29B shows ttie profiles of ttie band-limited image signals witti respect to the signals shown in Rgure 29A. 
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Figure 29C shows the profiles of the converted image signals. Rgure 29D shows the profile of the signal obtained by 
integrating the converted innage signals. 

As illustrated in Figure 29D. ordinarily, in the signal obtained by integrating the converted image signals, unnatural 
joints are formed at the boundaries among the frequency bands. The unnatural joints cause a streak-like artifact to 

5 occur. In order for such problems to be prevented, the converted image signals must be formed by considering such 
that the boundaries among the frequency bands may join in a pattern as natural as possible. However, in cases where 
the function is set to be uniform, arbitrary conversion, in which the influence of the boundaries among the frequency 
bands is taken into consideration, cannot be carried out on the respective band*limited image signals. As a result, the 
streak-like artifact cannot be prevented from occupying. On the other hand, in the embodiment of the image processing 

10 apparatus in accordance with the preserrt invention, differerrt functions are used for different frequency bands, and the 
functions are set by considering the boundaries among the frequency bands. In this manner, the streak-like artifact is 
prevented from occurring. 

Examples of the functions varying for different frequency bands will be described herelnbelow. Figure 25 shows 
exanrples of the functions used for the formation of the band-limited image signals. In Figure 25. the value of the band- 

15 limited image signal to be processed is plotted on the horizontal axis, and the value obtained by processing the band- 
limited image signal is plotted on the vertical axis. Each of the functions illustrated in Figure 25 converts the band-lim- 
ited image signal such that the absolute value of the barxJ-ltmited image signal may be converted to a value, which is 
not larger than the absolute value of the band-limited image signal and is determined in accordance with the absolute 
value of the band-limited image signal. Also, each of the functions can-ies out the conversion such that, as for the band- 

20 limited image signal, the absolute value of which is larger than a predetermined value, the value of the converted innage 
signal may become approximately equal to a predetermined level. In a function for processing a high frequency band, 
the aforesaid predetermined value is set to be snraller than those in the other functions. 

In other words, the functions have the characteristics such that each function may pass through the origin, such that 
the inclination of the function may be equal to at most 1 regardless of the value of the band-limited image signal proc- 

25 essed with the function, and such that the inclination of the function may become equal to 0 or may converge to 0 as 
the absolute value of the signal value of the band-limited image signal processed with the function becomes large. The 
functions also have the characteristics such that, in a function for processing a high frequency band, the absolute value 
of the processed signal value, which absolute value is associated with the point in the function where the inclination of 
the function becomes equal to 0 or a predetermined value dose to 0. may take a smaller value than those in the other 

30 functions. 

The functions shown in Figure 25 carry out the conversion such that a band-limited image signal having a large 
amplitude may be restricted, and such that the degree of restriction of a band-limited image signal of a high frequency 
band may be higher than the degree of restriction of a band-limited image signal of a low frequency t^nd. Such con- 
version is candied out by considering the feature in that the high frequency components contained in an edge in an 

35 actual radiation image have a smaller amplitude than the amplitude of low frequency components. Specifically, even at 
a very sharp edge in an actual radiation image, the signal does not take a definite step-like profile illustrated in Figure 
30A, txit the amplitude of the high frequency components becomes smaller than the amplitude of the low frequency 
components as illustrated in Figure SOB. Therefore, in accordance with the amplitude of the respective frequency com- 
ponents, as for a band-limited image signal having a high frequency, the restriction should preferably be carried out 

40 Starting with a small amplitude. The functions shown in Rgure 25 can achieve such restriction. 

Functions shown in Figure 26 will be described herelnbelow. Each of the functions illustrated In Figure 26 converts 
the band-limited image signal such that the absolute value of the band-limited image signal may be converted to a 
value, which is not larger than the absolute value of the band-limited image signal and is determined in accordance with 
the absolute value of the band-limited image signal. In a function for p)rocessing a low frequency band, the absolute 

45 value of the converted image signal, that is obtained when the band-limited image signal having a signal value, the 
absolute value of which fells within a predetermined range close to 0, is converted, takes a value smaller than those in 
the other functions. 

In other words, the functions have the characteristics such that each function may pass through the origin, and such 
that the inclination of the function may be equal to at most 1 regardless of the value of the band-limited image signal 
so processed with the function. The functions also have the characteristics such that, in a function for processing a low fre- 
quency band, the inclination of the function in the region. In which the absolute value of the band-limited image signal 
is dose to 0. may be smaller than those in the other functions. 

These functions have the effects described below. Specifically, when the integration signal shown in Figure 290. 
which has been obtained by integrating the converted image signals, is added to the original image signal Sorg, tiie joint 
55 between the original image signal Sorg and the integration signal can be formed in a natural pattern. More specifically, 
the rise of the signal can be rendered natural. 

Figure 27 is a graph showing examples of functions, which have both of the characteristics of the functions shown 
in Figure 25 and the characteristics of the functions shown in Figure 26. With the functions shown in Figure 27. both of 
the effects of the functions shown in Rgure 25 and the effects of the functions shown in Rgure 26 can be obtained. 
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As described above, with the embodiments of the image processing method and apparatus in accordance with the 
present invention, the functions used for the respective frequency bands are varied in accordance with the characteris- 
tics of the image processing which is to be achieved, and the frequency characteristics of the entire frequency band can 
be adjusted appropriately. Figures 28A-1 , 28B-1 , 28C-1 and Rgures 28A-2. 28B-2. 28C-2 show examples of the effects 
obtained with the embodiments of the image processing method and apparatus in accordance with the present inven- 
tion. Figures 28A-1, 28B-1, and 28C-1 show the frequency characteristics of the signals of the respective frequency 
bands having been formed by the embodiments of the image processing apparatus in accordance with the present 
invention. Figures 28A-2, 28B-2. and 28C-2 show the frequency characteristics with respect to the entire frequency 
band, which correspond respectively to Figures 28A-1, 28B-1. and 28C-1. The frequency characteristics shown in Fig- 
ures 28A-1 and 28A-2 are obtained when a function having an Inclination of 1 is set for all of the frequency bands. The 
frequency characteristics shown in Figures 28B-1 and 28B-2 are obtained when the inclination of the function is set to 
be small for a low frequency band. The frequency characteristics shown in Rgures 28C-1 and 28C-2 are obtained when 
the inclination of the function is set to be 1 for a specific frequency band and is set to be smaller than 1 for the other 
frequency bands such that band pass frequency characteristics may be obtained as a whole. The example shown in 
Figures 28C-1 and 28C-2 is useful when, for example, only the information of a specific frequency band is to be 
obtained. 

In the aforesaid embodiments wherein the signal value larger than the aforesaid threshold value is restricted, and 
in the aforesaid embodiments wherein the entire signal value is restricted regardless of a threshold value, the corivert- 
ing process can-ied out by the conversion means 3 may be varied in accordance with the value of the emphasis coeffi- 
cient p. The effects c^tained in such cases will be described hereinbelow by laWng the processing with functions, which 
are free from the threshold value, as an example. 

Specifically, in cases where the value of the emphasis coefficient p is corrparatively small, as the functions f 1 to fN. 
the functions shown in Figure 31 are used. Also, in cases where the value of the emphasis coeffident p is large, as the 
functions f 1 to fN. the functions shown in Figure 32 are used. In Figures 31 and 32. "high" represents the function used 
for the conversion of a band-limited image signal of a high frequency band, and "low" represents the function used for 
the conversion of a band-limited image signal of a low frequency band. 

The functions shown in Figures 31 and 32 restrict eac^i band-limited image signal such that it may become smaller 
than the absolute value of the band-limited image signal. In this embodiment, as will be understood when Rgures 31 
and 32 are compared with each other, the combination of the functions is defined such that, as the value of the empha- 
sis coeffident p becomes large, the difference between the degree of restriction, which is carried out with the function 
for processing a high frequency band, and the degree of restriction, which is carried out with the function for processing 
a low frequency band, may become large. Specifically, the function for processing the high frequency band is kept the 
same regardless of the value of the emphasis coeffident p. and the degree of restriction, which is carried out with the 
function for processing the low frequency band, is set to be high as the value of the enphasis coefficient p becomes 
large. Alternatively, the function for processing the low frequency band is kept the same regardless of the value of the 
emphasis coefficient p. and the degree of restriction, which is carried out with the function for processing the high fre- 
quency band, may be changed. As another alternative, ail of the functions may be changed such that the difference in 
the degree of restriction may become large. 

Figure 33 shows the response of the image signal, in which the high frequency components have been emphasized 
with the combination of the functions shown in Figure 31. Figure 34 shows the response of the image signal, in which 
the high frequency components have been emphasized with the combination of the functions shown in Figure 32. From 
Figures 33 and 34. it will be found that, in cases where the value of the emphasis coeffident p is large, only the degree 
of emphasis of the high frequency components becomes high, and the degree of emphasis of the low frequency com- 
ponents is kept approximately the same as when the value of the emphasis coeffident p is small. 

In cases where the combination of the functions is determined regardless of the emphasis coefficient p. if the value 
of the emphasis coeffident is set to be large, the degree of emphasis will become high for all of the frequency bands. 
In general, the value of the emphasis coefficient is set to be large such that the high frequency components carrying a 
small amount of information may be emphasized. However, in such cases, the low frequency components are also 
emphasized. As a result, the level of contrast becomes very high, and an artifact will occur. On the other hand, in cases 
where the combination of the functions is set as shown in Figure 32 such that, even if the value of the emphasis coeffi- 
cient p is set to be large, the degree of emphasis of the low frequency components may not change very much, an arti- 
fact can be prevented from occun-ing. 

In Rgure 31 . a single set of functions are shown which may be used when the value of the emphasis coeffident p 
is small. Also, in Figure 32. a single set of functions are shown which may be used when the value of the emphasis coef- 
fident p is large. However, the examples shown in Rgures 31 and 32 do not mean that only two sets of the functions 
are used, but merely illustrate how the characteristics of the functions may be changed in accordance with a change in 
the value of the emphasis coeffident p. Therefore, it is also possible to classify the extent of the change in the value of 
the emphasis coeffident p into several different levels, and to determine a set of functions in accordance with each of 
the dassif ied levels. In cases where such levels are set finely, an image having better image quality can be obtained. 
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In the embodiment described above, the non-linear functions are determined on the basis of the consideration in 
that the value of the emphasis coeffident is set to be large in order for only the high frequency components to be 
emphasized. However, the effects, which should be obtained from the changing of the value of the enphasis coefficient, 
are not limited to the emphasis of the high frequency components. Therefore, as the non-linear functions, various func- 

5 tlons may be utilized in accordance with the effects, which are to be obtained. In the aforesaid embodiment, as the non- 
linear functions, sets of the plurality of non-linear functions varying for different frequency bands are employed. How- 
ever, the effects of the image processing apparatus in accordance with the present invention can also be obtained when 
a single same non-linear function is employed for all of the frequency bands, depending upon the effects, which are to 
be obtained from the changing of the value of the emphasis coefficient. 

10 A different embodiment of the image processing method and apparatus in accordance with the present Invention 
will be described hereinbelow. In tNs embodiment, the processes carried out by the unsharp image signal forming 
means l the band-limited image signal forming means 2, the integration means 4, and the frequency emphasis 
processing means 5 are the same as those in the aforesaid embodiment shown In Rgure 12. Therefore, only the proc- 
ess carried out by the conversion means 3 will be described hereinbelow. 

15 Rgure 35 Is a block diagram showing this embodiment of the Image processing apparatus in accordance with the 
present invention. As in the aforesaid emt)odiment, the band-limited imiage signals are formed from the original image 
signal Sorg and the plurality of the unsharp image signals SusK which have been formed by the unsharp image signal 
forming means 1. Each of the band-limited image signals is obtained from the subtracter 21, which subtracts the 
unsharp image signals Susk of two adjacent frequency bands (as for the original image signal Sorg, Sorg and Sus1) 

20 from each other. Specifically, the values of Sorg - Susi, Susi - Sus2. .... SusN-1 - SusN are calculated successively, 
and the plurality of the band-limited image signals are thereby obtained. In this embodiment, for example, as for the 
band-limited Image signal Susi - Sus2. the signal Sus2 - Sus3 is employed as the corresponding auxiliary image signal. 
Therefore, a single means substantially serves as the band-limited image signal forming means and an auxiliary image 
signal forming means. Specifically, the signal, which has been formed by the band-limited image signal forming means. 

25 is processed as the band-limited image signal and is also processed as the auxiliary image signal corresponding to the 
adjacent band-limited image signal. 

Thereafter, each of the band-limited image signals having thus been obtained is converted in tiie conversion means 
3. The conversion is carried out on each band-limited image signal by using the converter 22 and a converter 24 shown 
in Rgure 35. In the converter 22. the converting process is carried out by using one of the functions f 1 to fN for the 

30 respective frequency bands, and a restricted image signal is thereby obtained. In the converter 24, a converting proc- 
ess is can-ied out by using a function g. and a magnification ratio signal is thereby obtained. In a multiplier 25. tiie 
restricted image signal is multiplied by the magnification ratio signal. The conversion is carried out in this manner. In 
such cases, as illustrated in Rgure 35. tiie signals of two adjacent frequency bands are multiplied by each other. For 
example, the restricted image signal, which has been obtained by converting the band-limited image signal Susi - 

35 Sus2. and the magnification ratio signal, which has been obtained by converting the auxiliary image signal Sus2 - Sus3, 
are multiplied by each other. The converter 22 for carrying out the conversion with the function fk corresponds to a 
restricted image signal forming means. The converter 24 for carrying out the conversion with the function g corresporxis 
to a magnification ratio signal forming means. Also, the multiplier 25 for multiplying the output signals, which have been 
obtained from tiie converters 22 and 24, by each other corresponds to a multiplication means. 

40 The functions fl to fN may be identical wrth one another or may be different from one another. They may be set 
arbitrarily in accordance witii the characteristics of the Image processing which is to be earned out. In this embodiment, 
as the functions f 1 to f N, the functions are used, each of which restricts the band-limited image signal such that It may 
become smaller tiian the ab>solute value of the band-limited image signal, and which vary for different frequency bands. 
By way of example, the functions shown in Figure 25 are used. 

45 As the function g, for example, a function shown in Figure 36 may be used. With the function g shovim in Rgure 36. 
the auxiliary image signal is converted such that a converted value close to 1 may be obtained when the absolute value 
of tiie auxiliary image signal is small and such that, as the absolute value of the auxiliary image signal becomes large, 
a converted value dose to 0 may be obtained. In Figure 36, K represents the minimum value of tiie absolute value of 
the auxiliary image signal among tiie values, for which the converted values become equal to 0. 

so The converted image signals, which have been obtained from tiie conversion means 3. are fed into the operation 
device 23. which is provided with the integration means 4 and tiie frequency emphasis processing means 5. In the oper- 
ation device 23, tiie processing is carried out in the manner described below. Rrstiy, tiie plurality of tiie converted image 
signals are integrated, and the integration signal is thereby obtained. The integration signal is multiplied by an emphasis 
coefficient p. which has a value determined in accordance with the value of the original image signal Sorg. The resulting 

55 product is then added to tiie original image signal Sorg, and tiie processed image signal Sproc is thereby obtained. This 
process and tiie other processes described above may be represented by Formula (1 0) shown below. 
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Sproc=Sorg+p{Sorg) • Fusm(Sorg,Sus1 .Sus2 SusN) Fusm(Sorg.SLBl .Sus2 SusN) (10) 

={fl(Sorg - Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-l - Susk) • (g(Susk - Susk+1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1))) 

5 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg rep- 
resents the original image signal, Susk (k=1 to lsJ+1) represents the unsharp mask image signaJ. fk {k=:1 to N) repre- 
sents the function for converting the band-limited image signal and thereby obtaining the restricted image signal, g 

10 represents the function for converting Ihe auxiliary image signal and thereby obtaining the magnification ratio signal, 
and p(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 

Rgures 37A, 37B, 37C, 37D, and 37E show the effects obtained when an image signal con-esponding to a region 
in the vicinity of an edge in the image is processed in the embodiment of Figure 35. Figure 37A shows a step-like profile 
of the original image signal, which corresponds to the region in the vicinity of an edge in the image, and the profiles of 

75 the unsharp image signals having been formed from the original Image signal. Figure 37B shows the profile of the band- 
limited image signal with respect to the signals shown in Figure 37A. Figure 37C shows the profile of the auxiliary image 
signal containing the signal of the frequency band, which is lower by a single level than the frequency band of the band- 
limited image signal shown in Figure 37B. Figure 37D shows the profile of the magnification ratio signal, which is 
obtained when the auxiliary image signal shown in Figure 37C is processed with the function g. Figure 37E shows the 

20 profile of the processed signal, which is obtained when the restricted image signal having been obtained by processing 
the band-limited image signal shown in Figure 378 with the function f is multiplied by the magnification ratio signal 
shown in Rgure 37D. The value K shown in Figure 37C is identical with the value K shown in Figure 36. It is illustrated 
that, when the value of the auxiliary image signal shown in Figure 37C becomes equal to K, the value of the magnifica- 
tion ratio signal shown in Rgure 37D becomes equal to 0. If tiie band-limited image signal shown in Figure 37B is con- 

2S verted merely such that its absolute value may become small, the shape of tiie peak of the signal will become smooth, 
but tiie rise portion of the signal will be kept sharp. On the other hand, in the processed signal shown in Figure 37E, its 
rise portion is smooth. In cases where the rise portion of each band-limited image signal is thus rendered smooth, a 
step-like artifact can be prevented from occurring at the boundaries among the frequency bands in tiie signal, which is 
obtained by integrating ttie band-limited image signals. 

30 The auxiliary image signals, which are processed witti the function g. are not limited to those described above. In 
a different embodiment of ihe image processing apparatus in accordance with tiie present invention, tiie image 
processing is carried out with Formula (1 1) shown below. 

35 Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1 ,Sus2,...,SusN) Fusm(Sorg.Sus1 ,Sus2 SusN) (11) 

={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+.., 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

40 wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg rep- 
resents the original image signal, Susk (k=l to N+1) represents the unsharp mask image signal, fk {k=1 to N) repre- 
sents the function for converting the t>and-limited image signal and thereby obtaining the restricted image signal, g 
represents tiie function for converting the auxiliary image signal and ttiereby obtaining the magnification ratio signal, 
and p(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 

45 Rgures 38A-1 . 38B-1 , 38C-1 . 38D-1 , and 38E-1 show tiie effects obtained when an image signal corresponding to 
a region in tfie vicinity of an edge in the image, which edge has a high level of contrast, is processed in the embodiment 
utilizing Formula (1 1). Figure 38A-1 shows a step-like profile of the original image signal, which corresponds to the 
region in tiie vicinity of an edge in the image, and the profiles of the unsharp image signals having been formed from 
the original image signal. Figure 38B-1 shows the profile of the band-limited image signal with respect to the signals 

50 shown in Rgure 38A-1 . Figure 38C-1 shows tiie profile of the auxiliary image signal containing tiie signal of the fre- 
quency band, which is lower by a single level tiian the frequency band of tiie band-limited image signal shown in Figure 
38B-1 . Figure 38D-1 shows the profile of the magnification ratio signal, which Is obtained when the auxiliary image sig- 
nal shown in Rgure 38C-1 is processed witii ttie function g. Rgure 38E-1 shows tiie profile of the processed image sig- 
nal, which is obtained when tiie restricted image signal having been obtained by processing the band-limited image 

55 signal shown in Figure 38B-1 witii the function f is multiplied by the magnification ratio signal shown in Figure 38D-1. 
Figures 38A-2. 38B-2. 38C-2, 38D-2, and 38E-2 show tiie effects obtained when an image signal corresponding to a 
region in the vicinity of an edge in ttie image, which edge has a low level of contrast, is processed in the embodiment 
utilizing Formula (11). Rgures 38A-2, 38B-2. 38C-2, 38D-2, and 38E-2 are tiie views respectively similar to Figures 
38A-1 , 38B-1 , 38C-1 . 38D-1 , and 38E-1 . As illustrated in tiiese figures, in cases where tiie value of Sorg - Susk is used 



17 



JNSDOCID: <EP ^0766202A2_L> 



EP0 766 202 A2 



as the value to be processed with the function g, the signal obtained from the conversion becomes small as for the edge 
having a high level of contrast. As for the edge having a high level of contrast, the signal obtained from the conversion 
has a level close to the level of the original band-limited image signal. 

The signals obtained from the conversion are then integrated, and the integration signal thus obtained is added to 

5 the original image signal Sorg for the purposes of emphasis. In such cases, the effects can be obtained such that the 
edge having a high level of contrast may not be emphasized strongly, and the edge having a low level of contrast is 
enphasized more strongly than the edge having the high level of contrast. 

The two kinds of the formulas have the effects described above. Various modifications are possible as for the func- 
tions f and g and how the band-limited image signal, which is to be processed with the function g. is formed. 

10 A further different embodiment of the image processing method and apparatus in accordance with the present 
invention will be described hereinbelow. In this emtxxliment, the processes carried out by the unsharp image signal 
forming means 1 , the band-limited image signal forming means 2, the integration means 4, and the frequency emphasis 
processing means 5 are the same as those in the aforesaid emtxxliment shown in Rgure 12. Therefore, only the proc- 
ess carried out by the conversion means 3 will be described hereinbelow. 

15 Figure 39 Is a block diagram showing this embodiment of the image processing apparatus in accordance with the 
present invention. As in the aforesaid embodiment, the barxJ-limited image signals are formed from the original image 
signal Sorg and the plurality of the unsharp image signals SusK which have been formed by the unsharp image signal 
forming means 1. Each of the band-limited image signals is obtained from the subtracter 21. which subtracts the 
unsharp image signals Susk of two adjacent frequency bands (as for the original image signal Sorg. Sorg and Susl) 

20 from each other Specifically, the values of Sorg - Susl , Susl - Sus2. .... SusN-1 - SusN are calculated successively, 
and the plurality of the band-limited image signals are thereby obtained. 

Thereafter, each of the band-limited image signals having thus been obtained is converted in the conversion means 
3. As illustrated in Figure 39. in the conversion means 3. a band-limited image signal to be converted, which is of a cer- 
tain frequency band, and a signal Q.B., an auxiliary image signal), which has been obtained by converting a low fre- 

25 quency side band-limited image signal of a frequency t>and. that is lower by a single level than the frequency band of 
the band-limited image signal to be converted, with a function g in the converter 24. are added to each other In this 
manner, a composite band-limited image signal is obtained. The composite band-limited image signal having been 
obtained from the addition is then converted with a function fk in the converter 22. The converter 24 for carrying out the 
conversion with the function g corresponds to an auxiliary image signal forming means, and an adder 26 corresponds 

30 to a composite band-limited image signal forming means. 

As the function g, for example, the function shown in Figure 40 may be employed. The fonction g shown in Figure 
40 has the characteristics ajch that the function may pass through the origin, such that the inclination of the function at 
the origin may be equal to approximately 0. such that the inclination of the function may increase gradually as the value 
to be processed becomes large, and such that the inclination of the function may ultimately become equal to approxi- 

35 mately 1 . Specif ically. with this function, the degree of restriction is set to be high when the level of the signal to be proc- 
essed is low. Also, as the level of the signal to be processed becomes high, the degree of restriction is set to be low. In 
the processing described above, the portion of this function, at which the inclination increases gradually from the origin, 
affects the wave form of the rise portion of the auxiliary image signal. Specifically, in cases where the conversion is car- 
ried out with this function, a sharp rise portion can be rendered smooth. The level of the actual band-limited image sig- 

40 ned Is limited, and therefore any of functions, the inclination of which increases gradually from 0 in the region in the 
vicinity of the origin, may be employed as the function g. For example, a function shown in Rgure 41 may also be 
employed. In this emtxxliment, signal amplification is not carried out. and therefore the inclination of the function is set 
to be at most 1. However, the effects of the present invention are obtained from the gradual inaease of the inclination 
of the function in the region in the vicinity of the origin. Therefore, in so far as the inclination of the function in the region 

45 in the vidnity of the origin increases gradually, the inclination of the function need not necessarily be limited to at most 1 . 
The functions f1 to fN. which are used in this embodiment, may be identical with one another or may be different 
from one another. They may be set arbitrarily in accordance with the characteristics of the image processing which is 
to be carried out In this embodiment as the functions f 1 to fN, by way of example, the fonctlons shown in Figure 25 are 
used. 

so The converted image signals, which have been obtained from the conversion means 3. are fed into the operation 
device 23. which is provided with the integration means 4 and the frequency emphasis processing means 5. In the oper- 
ation device 23. the processing is carried out in the manner described below. Firstly, the plurality of the converted image 
signals are integrated, and the integration signal is thereby obtained. The integration signal is multiplied by an emphasis 
coefficient p. which has a value determined in accordance with the value of the original image signal Sorg. The resulting 

55 product is then added to the original image signal Sorg. and tiie processed image signal Sproc is thereby obtained. This 
process and tiie other processes descrfoed above may be represented by Formula (12) shown below. 
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Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1.Sus2 SusN) 

Fusm(Sorg.Sus1.Sus2 SusN) =[f1{(Sorg - Sus1)+g(Sus1 - Sus2)} 

+f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... +fk{(Susk-1 - Susk)+g(Susk - Susk+1)}+... ^ 
^ +fN{(SusN-1 - SusN)-hg(SusN - SusN+1)}] 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg rep- 
resents the original image signal. Susk (ksl to N+1) represents the unsharp mask image signal, fk (k=1 to N) repre- 
sents the function for converting the composite band-limited image signal, g represents the function for converting the 

10 band-limited image signal and thereby obtaining the auxiliary image signal, and fKSorg) represents the enphasts coef- 
ficient determined in accordance with the original image signal. 

Figures 42A. 42B, 42C. 42D, 42E, and 42F show the effects obtained when an image signal con^esponding to a 
region in the vicinity of an edge in the image is processed in the embodiment of Figure 39. Figure 42A shows a step- 
like profile of the original image signal, which corresponds to the region in the vicinity of an edge in the image, and the 

75 profiles of the unsharp image signals having been formed from the original image signal. Figures 42B 42C show the 
profiles of the band-limited image signals with respect to the signals shown in Figure 42A. In cases where the band- 
limited image signal shown in Figure 42B is taken as the band-limited image signal to be converted, the barxi-limited 
image signal shown in Figure 42C is taken as the low frequency side l>and-limited image signal. Figure 42D shows the 
profile of the auxiliary Image signal, which is obtained when the low frequency side band-limited image signal shown in 

20 Figure 42C is processed with the function g. Rgure 42E shows the profile of the composite band-limited Image signal, 
which is obtained by adding the band-limited image signal to be converted, that is shown in Rgure 42B, and the auxil- 
iary image signal, which is shown in Rgure 42D. to each other. Figure 42F shows the profile of the converted image 
signal, which is obtained by processing the composite band-limited image signal of Figure 42E with the function f. If the 
band-limited image signal shown in Figure 42B is converted merely such that its absolute value may become small, the 

25 shape of the peak of the signal will become smooth, but the rise portion of the signal will be kept sharp. On the other 
hand, in the converted image signal of Figure 42F, its rise portion is smooth. In cases where the rise portion of each 
band-limited image signal is thus rendered smooth, a step-like artifact can be prevented from occurring at the bounda- 
ries among the frequency bands In the signal, which Is obtained by Integrating the band-limited image signals, 
in this embodiment, various modifications are possible as for. for example, the functions f and g. 

30 Embodiments of the dynamic range compressing method and apparatus in accordance with the present invention, 
wherein the dynamic range of the original image signal is compressed by using the unsharp image signals, will be 
desaibed hereinbelow. 

Figure 43 Is a block diagram showing an embodiment of the dynamic range compressing apparatus in accordance 
with the present invention, in which the multi-resolution transforming apparatus shown in Figure 1 is employed as an 

35 unsharp image signal forming means. As illustrated in Rgure 43, the dynamic range compressing apparatus in accord- 
ance with the present Invention comprises an unsharp image signal forming means 1 for forming multi-resolution 
unsharp image signal Susk. where k=1 to n. which have different frequency response characteristics, from a received 
original image signal Sorg. The dynamic range compressing apparatus also comprises a band-limited image signal 
forming means 2 for forming a plurality of band-limited image signals from the unsharp image signals Susk. which have 

40 been formed by the unsharp image signal forming means 1 . The dynamic range compressing apparatus further com- 
prises a conversion means 3 for carrying out a converting process on at least a single band-limited image signal, which 
Is among the plurality of the band-limited image signals having been formed by the band-limited image signal forming 
means 2, such that at least a portion of the band-limited image signal may become small. The dyramic range com- 
pressing apparatus still further comprises an integration means 4 for integrating the converted band-limited image sig- 

45 nals, which have been obtained from the conversion means 3, and thereby forming an integration signal. The dynamic 
range compressing apparatus also comprises a subtraction means 6 for subtracting the integration signal from the orig- 
inal Image signal Sorg and thereby obtaining a difference signal. The dynamic range compressing apparatus further 
comprises a compressing process means 7 for converting the difference signal, adding the converted difference signal 
to the original image signal Sorg. and thereby obtaining a processed Image signal Sproc. in which the dynamic range 

so of the original Image has been compressed. 

Basically, the constitution of the embodiment of the dynamic range compressing apparatus may be illustrated as In 
Figure 13. which shows the image processing apparatus for carrying out the frequency emphasis processing described 
above. However, various means incorporated in the operation device 23 are different from those for the frequency 
enrphasis processing. The embodiment of the dynamic range compressing apparatus will hereinbelow be described 

55 with reference to Figure 1 3. 

As illustrated In Figure 1 3. the plurality of the unsharp image signals Susk. which have been formed by the unsharp 
image signal forming means 1 . are then processed in the band-limited image signal forming means 2 and the conver- 
sion means 3. Rrstly. the band-limited image signals are formed from the original image signal Sorg and the plurality of 
the unsharp image signals Susk, which have been formed by the unsharp image signal forming means 1 . Each of the 
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band-limited image signals is obtained from the subtracter 21 , which subtracts the unsharp image signals Susk of two 
adjacent frequency bands (as for the original image signal Sorg, Sorg and Sus1) from each other. Specifically, the val- 
ues of Sorg - Susl. Susi - Sus2 SusN-l - SusN are calculated successively and the plurality of the band-limited 

image signals are thereby obtained. 
5 Thereafter, in the conversion means 3, each of the band-limited image signals is converted in accordance with the 

level of the band*limited image signal. The conversion of each band-limited image signal is carried out by the converter 
22 by utilizing, for example, the function f shown in Rgure 1 5. As in the frequency emphasis processing, the same func- 
tion may be utilized for the respective band-limited Image signals, or different functions may be utilized for the respective 
band-limited image signals. 

70 The band-limited image signals, which have been converted with the function f, are fed into the operation device 
23. which is provided with tiie integration means 4, the subtraction means 6. and the compressing process means 7 
described above. In the operation device 23. the processing is candied out in the manner described below. Firstiy tiie 
band-limited image signals, which have been converted with the function f, are integrated, and the integration signal is 
thereby obtained. In the subtraction means 6. the integration signal is subtracted from the original image signal Sorg. 

75 and the difference signal is thereby obtained. Thereafter, in the compressing process means 7, the difference signal is 
converted, the converted difference signal is added to ttie original image signal Sorg. and the processed image signal 
Sproc is thereby obtained. As a function D for converting the difference signal, by way of example, a monotonously 
decreasing function shown in Figure 44 may be used. Alternatively, as the function D, a function as illustrated in Figure 
45A may be employed which has the characteristics such that the value obtained witii the function may change only 

20 with respect to a region of a comparatively small signal value. As anotiier alternative, as the function D, a function as 
illust-ated in Rgure 45B may be employed which has the characteristics such that tiie value obtained with the function 
may change only with respect to a region of a comparatively large signal value. As a further alternative, as the function 
D. a monotonously decreasing function as illustrated in Figure 46. in which the differential coefficient is continuous, may 
be employed. As a still further alternative, as the function D, a function as illustrated in Figure 47A may be enployed 

25 which has the characteristics such that the value obtained with the function may change only with respect to a region 
of a comparatively small signal value, and in which the function pattern is not bent sharply. As anotiier alternative, as 
the function D. a function as illustrated in Rgure 47B may be employed which has the characteristics such that the value 
obtained with the function may change only with respect to a region of a comparatively large signal value, and in which 
the function pattern is not bent sharply. 

30 The aforesaid processing earned out by the band-Gmited image signal forming means 2, the conversion means 3. 
the integration means 4, the subtraction means 6, and tiie compressing process means 7 may be represented by For- 
mula (13) shown below. 
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wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents tiie 
original image signal. Susk (k=1 to N) represents tiie unsharp mask image signal, fk (k=1 to N) represents the function 
for converting the band-limited Image signal, and D(Sorg-Fdrc) represents tiie dynamic range compression factor deter- 
40 mined in accordance witti the low frequency component signal, in which D represents the function for converting Sorg- 
Fdrc. 

The integration signal having been obtained from the integration means 4 has tiie frequency characteristics shown 
in Figure 48. In Figure 48, the solid line indicates tiie frequency characteristics of the integration signal corresponding 
to a flat region in which no edge is located. Also, the broken line indicates the frequency characteristics of the integra- 
ls tion signal con-esponding to a region in tiie vicinity of the edge. The frequency characteristics of the difference signal 
obtained by subtracting the integration signal from the original image signal Sorg are shown in Figure 49. The band- 
limited image signals described above have the characteristics such tiiat, in a flat region in which the change in the 
image density of tiie original image is comparatively small, the absolute value of the signal value of each band-limited 
image signal may be small in each frequency band. On tiie otiier hand, as illustrated in Figure 52. in a region in the 
so vicinity of an edge in the image, at which tiie image density changes sharply, in cases where the band-limited image 
signal is of a comparatively low frequency band. i.e. in cases where the size of the unsharp mask used for obtaining the 
unsharp image signal Susk is comparatively large, the edge in the image is contained in tiie unsharp mask, which is set 
for a picture element located in the vicinity of the edge. Therefore, in such cases, the band-limited image signal is 
affected by tiie edge, and tiie absolute value of tiie signal value of the band-limited image signal becomes compara- 
55 tively large. In tills manner, a portion, which does not constitute tiie edge in the image, is affected by the image density 
value of the edge, and an artifact, such as overshoot or undershoot, occurs at the edge portion in the image, which is 
obtained from the dynamic range compressing process. 

Tlierefbre. tiie band-limited image signal is converted with tiie aforesaid function fk such that, in cases where tiie 
absplute value of tiie band-limited image signal is larger tiian the tiireshold value Th1 , the absolute value may become 
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small. The absolute values of the band-limited Image signals having thus been converted are integrated, and the 
otitained integration signal is sutitracted from the original image signal Sorg. In this manner, a signal corresponding to 
the unsharp image signal Sus in Formula (3) shown above Is obtained. In the embodiment of the dynamic range com- 
pressing apparatus in accordance with the present invention, the term "unsharp image signal" is used in a narrow 
5 sense, and the signal corresponding to the unsharp image signal Sus in Formula (3) shown above is referred to as the 
difference signal. 

As Illustrated in Rgure 49. in the flat region in which no edge is located, the difference signal has the frequency 
characteristics indicated by the solid line. Also, as indicated by the broken line In Figure 49, in tiie region in the vidnity 
of an edge, the difference signal has the frequency characteristics such tiiat it may also contain a comparatively high 
10 frequency band. Thus tiie same effects can be obtained as those obtained when the size of tiie unsharp mask used for 
obtaining the difference signal is set to be smaller than the size of the actual unsharp mask in region in the vicinity of 
an edge. 

In this manner, the band-limited image signal corresponding to the region In the vidnity of an edge and having a 
signal value, the absolute value of which Is comparatively large, is converted into the signal, which has small influence 

75 upon the signal concerning tiie low frequency components to be added to tiie original image signal Sorg. Accordingly, 
in the region in the vicinity of an edge, at which the image density changes sharply, the influence of a signal, which 
causes an artifact to occur, can be weakened. As a result, an image having no artifact and having good image quality 
can be obtained from the dynamic range compressing process. 

In the embodiment described above, the processed image signal Sproc is obtained with Formula (1 3). Alternatively. 

20 the processed image signal Sproc may be ok>tained with Formula (14) shown below. Formula (13) and Formula (14) are 
different in the point described below. Specifically, in Formula (13). the band-limited image signal is obtained by sub- 
tracting the signals of two adjacent frequency bands from each other. On the other hand, in Formula (14), the band- 
limited image signal is obtained by subtracting each of tiie unsharp image signals Susk of all frequency bands from the 
original image signal Sorg. The difference signal obtained in Formula (14) has the frequency characteristics shown in 

25 Figure 50. As illustrated in Figure 50. in the flat region in which no edge is located, tiie difference signal has the fre- 
quency characteristics indicated by the solid line. Also, as indicated by the broken line in Figure 50. in the region in the 
vicinity of an edge, tfie difference signal has the frequency characteristics such that it may also contain a comparatively 
high frequency band. Thus the same effects can be obtained as tiiose obtained when the size of tiie unsharp mask for 
obtaining the unsharp image signal Sus is set to be smaller than tiie size of the actual unsharp mask in region in tiie 

30 vicinity of an edge. When the frequency characteristics indicated by the broken line in Rgure 50 are compared witii 
those in Figure 49. the response in Rgure 50 becomes low over the entire frequency band. Therefore, in the frequency 
characteristics shown in Figure 50, the response is obtained also in the flat region, which is not located in the vicinity of 
an edge. Accordingly, the processed image signal Sproc should preferably be obtained witti Formula (1 3). With Formula 
(13). the response in the fiat region does not become low, and only the response in tiie region in the vidnity of an edge 

35 becomes low. 

Sproc=Sorg+D(Sorg-FdrcfSorg.Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 ,Sus2 SusN) (1 4) 

=(1/IM) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk{Sorg - Susk)+...+fN(Sorg - SusN)} 

40 wherein Sproc represents the image signal, in which tiie dynamic range has been conpressed. Sorg represents the 
original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents tiie function 
for converting tiie band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compression factor deter- 
mined in accordance witii the low frequency component signal, in which D represents the function for converting Sorg- 
Fdrc. 

45 Also, in the embodiment of tiie dynamic range compressing apparatus described above, as illusti-ated in Figure 1 5. 
the function for converting tiie band-limited image signal is set such that, in cases where the absolute value of the band- 
limited image signal is larger than the threshold value Thi. the absolute value may become small. Alternatively, for 
example, as illustaBted in Rgure 18. the function for converting tiie band-limited image signal may be set such tiiat, in 
cases where the absolute value of the band-limited image signal is larger than the threshold value Th1, the absolute 

so value may become small, and such that, in cases where the absolute value of the band-limited image signal is smaller 
than a threshold value Th2. the absolute value may become small. 

In this manner, a correction may be made such that, as the absolute value of the band-limited image signal 
becomes smaller than the threshold value Th2, which is smaller than the tiireshold value Thi . the absolute value of tiie 
band-limited image signal may be converted to a small value. In such cases, the response with respect to the compo- 

55 nents. which have a small absolute value of a signal value and may be considered as being noise in the image, can be 
rerxJered low. As a result, noise in the processed irrtage can be reduced. 

Further, in the emlDodiments of the dynamic range compressing apparatus described at)ove. the processed image 
signal Sproc is obtained witii Formula (13) or Fonnula (14). As another alternative, tiie processed image signal Sproc 
may be obtained witii Formula (15) shown below. Formula (14) and Formula (15) are different in the point described 
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below. Specifically, in Formula (1 4). the band-limited image signal is obtained by subtracting each of the unsharp image 
signals Susk of all frequency bands from the original image signal Sorg. On the other hand, in Formula (15), each of 
the unsharp image signals Susk. where k-2 to N. is subtracted from the unsharp image signal Sus1 . In the processing 
earned out with Formula (14). the high frequency components, which can be considered as being noise in the image. 
5 are also emphasized, and therefore noise becomes perceptible in the resulting processed image. On the other hand, in 
the processing can-ied out with Formula (15). the high frequency components have been eliminated. Therefore, noise 
does not become perceptible, and a processed image having good image quality can be obtained. 

Sproc=:Sorg+D(Sorg-Fdrc(Sus1,Sus2 SusN)) Fdrc(Sus1.Sus2.....SusN) (15) 

,0 s:(1/N) • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... •»fk(Sus1 - Sus>^+...-i-fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been conpressed. Sorg represents the 
original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the function 
for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compression factor deter- 
75 mined in accordance with the low frequency component signal, in which D represents the function for converting Sorg- 
Fdrc. 

As a further alternative, the processing may be can-ted out with Formula (1 6) shown below. In Formula (13) shown 
above, the band-limited image signal (Sorg - Susi) is used. On the other hand, in Formula (16). the band-limited image 
signal (Sorg - Susi) is not used. As a result, the highest frequency components shown in Figure 14 are eliminated. 
20 Therefore, as in the processing carried out with Formula (15), the processed image signal Sproc can be obtained such 
that the high frequency components may have been eliminated. Accordingly, noise does not become perceptible, and 
a processed image having good image quality can be obtained. 

Sproc=Sorg+D(Sorg-Fdrc(Sus1 ,Sus2 SusN)) Fdrc(Sus1 ,Sus2 SusN) (1 6) 

25 ={f2(Sus1 - Sus2)-i-f3(Sus2 - Sus3)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents the 
original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the function 
for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compression factor deter- 
30 mined in accordance witii the low frequency component signal, in which D represents the function for converting Sorg- 
Fdrc. 

In the dynamic range compressing process, as in the frequency emphasis processing, the shape of the function f 
shown in Rgure 15 should preferably be altered in accordance with the portion of the object, the image of which was 
recorded, or tiie frequency bands of the band-limited image signals. 

35 For example, as for a mamma image, the change in the signal value is sharp and large at a tx)undary between the 
background region and the skin pattern. Therefore, if the processing is carried out by eliminating the signal of the high 
frequency band and using only the signal of the low frequency band, an artifact will occur. Therefore, in cases where 
such an image is processed, the converting process should be carried out such that the signal of the high frequency 
band may also be contained. Also, as for a chest image, tiiere is no sharp and large signal change as in the mamma 

40 image. Therefore, even if the signal of tiie high frequency components is not contained in the converting process, an 
artifact as in the mamma image will not occur. Accordingly, in cases where tiie image, such as tiie chest image, is proc- 
essed, only the signal of the low frequency components may be subjected to the converting process. In cases where 
the processing is carried out such that the at>solute values of the band-limited image signals may be changed in accord- 
ance with the frequency bands of the band-limited image signals or the portion of the object, the image of which was 

45 recorded, an image having good image quality in accordance wvtii the portion of the object, the image of which was 
recorded, or the frequency bands can be obtained. 

The conversion of the band-limited image signals in the conversion means 3 may be carried out regardless of the 
aforesaid threshold value Thi and in accordance with a plurality of functions f 1 to fN. which vary for different frequency 
bands, such that the absolute value of each band-limited image signal may be converted to a value, which is not larger 

so than the absolute value of the band-limited image signal and is determined in accordance with the absolute value of the 
band-limited image signal. As the functions f 1 to f N. a combination of appropriate functions should preferably be set in 
accordance witii the characteristics of tiie image processing which is to be achieved. 

In the embodiment which is free from the tiireshold value, the processed image signal Sproc can be adjusted, such 
that it may have arbiti*ary frequency characteristics, by varying the functions, which are used in the conversion means 

55 3. for different frequency bands. Therefore, as in the frequency emphasis processing, the frequency characteristics of 
the processed image signal Sproc can be adjusted in accordance with the conditions, which are required for the images 
to be processed in the respective apparatuses described above. 

In the cases of the dynamic range compressing process, as the functions varying for different frequency bands, for 
example, the functions shown in Figure 51 are used. Each of tiie functions illustrated in Rgure 51 converts the band- 
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limited image signal such that the absolute value of the band-limfted image signal may be converted to a value, which 
is not larger than the absolute value of the band-limited image signal and is determined in accordance with the absolute 
value of the band-limited image signal. Also, each of the functions cames out the conversion such that as for the band- 
limited image signal, the absolute value of which is larger than a predetermined value, the value of the converted image 

5 signal may become approximately equal to a predetermined level. As illustrated in Figure 51 . in a function for process- 
ing a low frequency band, the aforesaid predetermined value is set to be smaller than those in the other functions. 

In otiier words, the functions have the characteristics such that each function may pass through the origin, such that 
the inclination of the function may be equal to at most 1 regardless of the value of the band-limited image signal proc- 
essed with the function, and such that the inclination of the function may become equal to 0 or may converge to 0 as 

10 the absolute value of the signal value of the band-limited image signal processed with tiie function becomes large. The 
functions also have the characteristics such that, in a function for processing a low frequency band, the absolute value 
of tiie processed signal value, which absolute value is associated witii the point in the function where tiie inclination of 
the function becomes equal to 0 or a predetermined value close to 0, may take a smaller value than tiiose in the other 
functions. The functions have the effects such that the edge Infornnation can be kept as much as possible within a nar- 

75 row dynamic range. 

It is also possible to employ the functions shown in Rgure 26, which are employed in the frequency emphasis 
processing. These functions have the effects in that the rise of tiie integration signal shown in Figure 29D. which has 
been obtained by integrating the converted image signals, can be rendered natural. In this manner, a smooth processed 
image signal Sproc can be obtained. 

20 Further, functions, which have both of the characteristics of the two kinds of the functions described above, may be 
employed, and tiie effects of both of the functions may thereby be obtained. In cases where the functions used for the 
respective frequency bands are varied in accordance witii the characteristics of the image processing which is to be 
achieved, the frequency characteristics of the entire frequency band can be adjusted appropriately. 

A different embodiment of the dynamic range compressing method and apparatus in accordance with the present 

25 invention will be described hereinbelow. In this embodiment, the processes carried out by the unsharp image signal 
forming means 1 . the band-limited image signal forming means 2. the integration means 4. the subtraction means 6. 
and tiie compressing process means 7 are the same as those in tiie embodiment described above with reference to 
Figure 43. Therefore, only the process carried out by the conversion means 3 will be described hereinbelow. 

Basically, the constitution of the emtxdiment of the dynamic range compressing apparatus described below may 

30 be illustrated as in Figure 35. which shows tiie image processing apparatus for carrying out the frequency emphasis 
processing described above. However, various means incorporated in tiie operation device 23 are different from those 
for the frequency emphasis processing. The embodiment of tiie dynamic range compressing apparatus will hereinbe- 
low be described with reference to Rgure 35. 

As in the aforesaid embodiment, the band-limited image signals are formed from the original image signal Sorg and 

35 the plurality of tiie unsharp image signals Susk, which have been formed by tiie unsharp image signal forming means 
1 . Each of tiie band-limited image signals is obtained from tiie subtracter 21 . which subti-acts tiie unsharp image signals 
Susk of two adjacent frequency bands (as for the original image signal Sorg, Sorg and Susi) from each otfier. Specif i- 

cally. the values of Sorg - Susi. Susi - Sus2 SusN-1 - SusN are calculated successively, and ttie plurality of tiie 

band-limited image signals are thereby obtained. In this embodiment, for example, as for tiie band-limited image signal 

40 Susi - Sus2. the signal Sus2 - Sus3 is empfoyed as the corresponding auxiliary image signal. Therefore, a single 
means substantially serves as the band-limited image signal forming means and an auxiliary image signal forming 
means. Specifically, the signal, which has been formed by the band-limited image signal forming means, is processed 
as the band-limited image signal and is also processed as tiie auxiliary image signal corresponding to tiie adjacent 
band-limited image signal. 

45 Thereafter, each of tiie beuid-limited image signals having thus been obtained is converted in the conversion means 
3. The conversion is carried out on each band-limited image signal by using the converter 22 and the converter 24 
shown in Figure 35. In tiie converter 22, the converting process is carried out by using one of the functions f 1 to fN for 
the respective frequency bands, and a restricted image signal is thereby otrtained. In the converter 24, a converting 
process is canried out by using a function g. and a magnif icatfon ratio signal is thereby obtained. In the multiplier 25. the 

so restricted image signal is multiplied by the magnification ratio signal. The conversion is carried out in this manner. In 
such cases, as illustrated in Figure 35, the signals of two adjacent frequency bands are multiplied by each other For 
example, the restricted image signal, which has been obtained by converting the band-limited image signal Susi - 
Sus2, and the magnification ratio signal, which has been obtained by converting the auxiliary image signal Sus2 - Sus3. 
are multiplied by each other. The converter 22 for carrying out the conversion with the function fk con-esponds to a 

55 restricted image signal forming means. The converter 24 for carrying out the conversion with tiie function g corresponds 
to a magnification ratio signal forming means. Also, the multiplier 25 for multiplying tiie output signals, which have been 
obtained from the converters 22 and 24, by each other corresponds to a multiplication means. 

The functions f 1 to f N may be identical with one another or may be different from one another. They may be set 
arbitrarily in accordance witii tiie characteristics of the image processing which is to be earned out. In this embodiment, 
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as the functions f 1 to f N, the functions are used, each of which restricts the band-limited Image signal such that it may 
become smaller than the absolute value of the band-limited image signal, and which vary for different frequency bands. 
By way of example, the functions shown in Figure 51 are used. 

As in the frequency emphasis processing, as the function g. for example, the function shown in Rgure 36 may be 
5 used. 

The converted image signals, which have been obtained from tine conversion means 3. are fed into the operation 
device 23, which is provided with the integration means 4, the subtraction means 6. and the compressing process 
means 7. In the operation device 23. the processing is carried out in the manner described below. Firstly, the plurality 
of the converted image signals are integrated, and tiie integration signal is thereby obtained. The integration signal is 
10 then subtracted from the original image signal Sorg. and the difference signal is thereby obtained. Thereafter, tine 
dynamic range compression factor, which is obtained with the function D and takes a value in accordance with the value 
of the difference signal, is added to the original Image signal Sorg, and tiie processed image signal Sproc is tiieretsy 
obtained. The processing described at>ove may be represented by Fonnula (17) shown below. 

15 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 ,Sus2 SusN) (1 7) 

={f1(Sorg . Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Su53)+... 
<ffk(Susk-1 - Susl^ • g(Susk - Susk+1}+... +fN(SusN-1 - SuslSI) • g(SusN - SusN+1)} 

20 

wherein Sproc represents the image signal, in which tiie dynamic range has been compressed. Sorg represents the 
original image signal. Susk (k:=1 to N+l) represents the unsharp mask image signal, fk (k=1 to N) represents the func- 
tion for converting the band-limited image signal and thereby obtaining tiie restricted image signal, g represents tiie 
function for converting the auxiliary image signal and thereby obtaining the hiagnif ication ratio signal, and D(Sorg-f=drc) 

25 represents tiie dynamic range compression factor determined in accordance with the low frequency component signal, 
in which D represents the function for converting Sorg-Fdrc. 

With the processing described above, as in tiie frequency emphasis processing, the rise portion of each band-lim- 
ited image signal can be rendered smooth, and a step-like artifact can be prevented from occurring at the boundaries 
among the frequency bands in the signal, which is obtained by integrating tiie band-limited image signals. 

30 The auxiliary image signals, which are processed witii the function g. are not limited to those described above. For 
example, the dynamic range compressing process may be carried out with Formula (18) shown below. 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 .Sus2 SusN) (18) 

35 ={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 

+fk{Susk-1 - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents the 

40 original image signal, Susk to N+1) represents the unsharp mask image signal, fk (ksl to N) represents the func- 
tion for converting the band-limited image signal and thereby obtaining tiie restricted image signal, g represents the 
function for converting the auxiliary image signal arxJ thereby obtaining the magnification ratio signal, and D(Sorg-Fdrc) 
represents the dynamic range compression factor determined in accordance with the low frequency component signal, 
in which D represents the function for converting Sorg-Fdrc. 

45 In the embodiment utilizing Formula (18), an image signal corresponding to a region in the vicinity of an edge in the 
image is processed, the signal obtained from the conversion as for the edge having a high level of contrast becomes 
smaller than tiie signal obtained from the conversion as for the edge having a low level of contrast 

The signals obtained from the conversion are then integrated, and tiie integration signal thus obtained is subtracted 
from tiie original image signal Sorg. Thereafter, the dynamic range compression tector, which is obtained witii the func- 

50 tion D and takes a value in accordance with the value of the tiius obtained difference signal, is added to tiie original 
image signal Sorg. In such cases, the effects can be obtained such ttiat tiie influence of the edge of a high level of con- 
trast upon tiie processed image signal may become smaller than tiie Influence of the edge of a low level of contrast 
upon the processed Image signal. 

The two kinds of the formulas have tiie effects described above. Various modifications are possible as for the func- 

55 tions f and g and how the band-limited image signal, which is to be processed with the function g. is formed. 

A further different embodiment of the dynamic range compressing method and apparatus in accordance with the 
present invention will be described hereinbelow. In this embodiment, the processes can-ied out by the unsharp image 
signal forming means 1, tiie band-limited image signal forming means 2, the integration means 4. the subtraction 
means 6, and tiie compressing process means 7 are the same as tiiose in the embodiment described above with ref- 
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erence to Rgure 43. Therefore, only the process carried out by the conversion means 3 will be described hereinbelow. 

Basically, the constrtution of the embodiment of the dynamic range compressing apparatus described below may 
be illustrated as in Figure 39. which shows the image processing apparatus for carrying out the frequency emphasis 
processing described above. However, various means incorporated in the operation device 23 are different from those 
5 for the frequency emphasis processing. The embodiment of the dynamic range compressing apparatus will hereinbe- 
low be described with reference to Rgure 39. 

As in the aforesaid embodiment, the band-limited image signals are formed from the original image signal Sorg and 
the plurality of the unsharp image signals Susk, which have been formed by the unsharp image signal forming means 
1 . Each of the band-limited image signals is obtained from the subtracter 21 . which subtracts the unsharp image signals 
10 Susk of two adjacent frequency bands (as for the original image signal Sorg, Sorg and Sus1) from each other. Specifi- 
cally, the values of Sorg - Sus1. Sus1 - Sus2. .... SusN-1 - SusN are calculated successively, and the plurality of the 
band-limited Image signals are thereby obtained. 

Thereafter, each of the band-limited image signals having thus been obtained is converted in the conversion means 
3. As illustrated in Figure 39. in the conversion means 3. a band-limited image signal to be converted, which Is of a cer- 
ts tain frequency k>and, and a signal (i.e., an auxiliary image signal), which has been obtained by converting a low fre- 
quency side band-limited image signal of a frequency band, that is lower by a single level than the frequency band of 
the band-limited image signal to be converted, with a function g in the converter 24, are added to each other. In this 
manner, a composite band-limited image signal is obtained. The composite band-limited image signal having been 
obtained from the addition is then converted with a function f k in the converter 22. The converter 24 for canrying out the 
20 conversion with the function g corresponds to an auxiliary image signal forming means, and the adder 26 corresponds 
to a composite band-limited image signal forming means. 

As the function g, for example, the function shown in Figure 40 may be employed. In the dynamic range compress- 
ing process, as in the frequency emphasis processing, the portion of this function, at which the inclination increases 
gradually from the origin, affects the wave form of the rise portion of the auxiliary image signal. Specifically, in cases 
25 where the conversion is carried out with this function, a sharp rise portion can be rendered smooth. As in the frequency 
emphasis processing, any of functions, the inclination of which increases gradually from 0 in the region in the vicinity of 
the origin, may be employed as the function g. For example, the function shown in Figure 41 may also be employed. 

The functions f 1 to fN, which are used in this embodiment, may be identical with one another or may be different 
from one another. They may be set arbitrarily in accordance with the characteristics of the image processing which is 
30 to be carried out. In this embodiment, as the functions f 1 to f N. by way of example, the functions shown in Figure 51 are 
' used. 

The converted image signals, which have been obtained from the conversion means 3, are fed into the operation 
device 23. which is provided with the integration means 4. the subtraction means 6. and the compressing process 
means 7. In the operation device 23, the processing is carried out in the manner described below. Firstly, the plurality 
35 of the converted image signals are integrated, and the Integration signal is thereby obtained. The integration signal is 
then subtracted from the original Image signal Sorg. and the difference signal is thereby obtained. Thereafter, the dif- 
ference signal is converted, and the signal thus obtained is added to the original image signal Sorg. In this manner, the 
processed image signal Sproc is obtained. This process and the other processes described atxyve may be represented 
by Formula (1 9) shown below. 

40 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 .Sus2....,SusN) (1 9) 

=:[f1{(Sorg - Susl)+g(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susl^+g(Susk- Susk+1)K... +fN{(SusN-l - SusN}4g(SusN - SusN+1)}] 

45 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents the 
original image signal. Susk (k^i to N+1) represents the unsharp mask Image signal, fk (ka1 to N) represents the func- 
tion for converting the composite band-limited image signal, g represents the function for converting the band-limited 
so image signal and thereby obtaining the auxiliary image signal, and D(Sorg-Fdrc) represents the dynamic range com- 
pression factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

With the processing described above, as in th frequency emphasis processing, the rise portion of each band-lim- 
ited image signal can be rendered smooth. Also, it becomes possible to prevent an artifact from occurring in the proc- 
55 essed image signal due to a step-like pattern occurring at the boundaries among the frequency bands in the signal, 
which is obtained by Integrating the band-limited image signals. 

In this embodiment of the dynamic range compressing apparatus, various modifications are possible as for, for 
example, the functions f and g. 

In the embodiments described above, the dynamic range compressing process is carried out by using tiie unsharp 
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image signals Susk. Alternatively, together with the dynamic range compressing process, the frequency emphasis 
processing described above may be carried out on the original image signal Sorg by using the unsharp image signals 
Susk. 

In cases where the dynamic range compressing process and the frequency emphasis processing are earned out 

5 simultaneously, the unsharp image signals Susk can be utilized commonly Therefore, the time required to carry out the 
operations can be kept shorter and the processing can be carried out more efficiently than when the dynamic range 
compressing process and the frequency emphasis processing are carried independently. 

Also, in cases where the dynamic range compressing process and the frequency emphasis processing are carried 
out simultaneously, the influence of the comparatively low frequency components of the original image is large in the 

10 dynamic range compressing process, and the influence of the conparab'vely high frequency components of the original 
image is large in the frequency emphasis processing. Therefore, in cases where the dynamic range compressing proc- 
ess is carried out, of the plurality of the unsharp image signals Susk, the unsharp image signals Susk of the compara- 
lively low frequency bands may be utilized. Also, in cases where the frequency emphasis processing is carried out, of 
the plurality of the unsharp innage signals Susk, the unsharp image signals Susk of the comparatively high frequency 

15 bands may be utilized. In this manner, the unsharp image signals Susk of different frequency bands may be used in the 
dynamic range compressing process and the frequency emphasis processing. 

In the aforesaid embodiments of the multi- resolution transforming process, the frequency emphasis processing, 
and the dynamic range compressing process, the interpolating operation process is carried out by using the filter off the 
Gaussian signal. Alternatively, the interpolating operation process may be carried out on the f iltering-processed image 

20 by using the B spline interpolating operation. How the B spline interpolating operation process is carried out will be 
described hereinbelow. 

The B spline interpolating operation is an interpolating operation technique for obtaining an interpolation image sig- 
nal representing a secondary image, in which the sharpness Is comparatively low and which is smooth. In the B spline 
interpolating operation, the spline interpolating function need not pass through the original sampling points (picture ele- 
25 ments), and it is necessary tiiat the first-order differential coefficient and the second-order differential coefficient {rep- 
resented by f\X)} of the spline interpolating function are continuous between adjacent sections. 

Specifically, in Formula (20). 
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f k(x)=A \b ^x^+C kX+D ^ (20) 

wherein Bi^ is a coefficient used as an aid in facilitating the explanation and does not represent the filtering-processed 
image signal, the conditions shown below should be satisfied. 

*k(XK)=fk.i'(XK) (21) 

*k(XK+i)=fK+i'(Xk^n) (22) 

*k"(XKMk.r(XK) (23) 

*k"(Xk.i)=fK.i"(Xk^i) (24) 



Also, It is necessary tor the first-order differential coefficient at the picture element to satisfy the corxjition with 
respect to the picture elements X|^.i and Xi^^.-! . which are located before and after the picture element X^, in that the first- 
order differential coefficient at the picture element should coincide with the gradient (Yk+i-Yk.i)/(Xk+rXk-i) of the 
45 image signal components Y^.^ and Y^+i representing the picture elements Xj^.-j and X^+i. Therefore, it is necessary for 
Formula (25) to be satisfied. 

fl<'(X k)-(Y k.i -Y H., )/(X -X ) (25) 

so Further, it is necessary for the first-order differential coefficient at the picture element X^^.^ to satisfy the condition 
with respect to the picture elements X^ and Xk+2' which are located before and after the picture element X^^^, in that 
the f inst-order differential coefficient at the picture element X^+i should coincide with the gradient (Yk+2-Y|c)/(Xk+2-X|J of 
the image signal components Yi^ and Y^+z representing the picture elements X|^ and X|(^2- Therefore, it is necessary for 
Fomiula (26) to be satisfied. 



^ k'(X )=(Y k,2-Y k)/(X k,2 -X k) (26) 
In general, the function f(X) may be approximately represented by Formula (27). 
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f (X)=f(0)+f (0)X+{f '(0)/2}X 2 (27) 

It is herein assumed that the interval (i.e.. the lattice interval) of each of sections \.2'-\.a. Xk.i~Xk. Xk-X^^v and 
is equal to 1 , and the position of the interpolation point Xp, which is taken from the picture element X^ toward 
the picture element Xk+i. is represented by t (Ost^i). In such cases, from Formulas (21), (22), (23), (24), and (27), the 
formulas shown below obtain. 

«k(0)=Ck=(Yk+i-Yk.i)/2 

f )=3 A ,+C ,=(Y -Y ,)/2 

*k"(0)=YK^,-2YK+YK.i=2B 

Therefore, the formulas shown below obtain. 

Ak=(Yk.^-3Y,^,+3Y,-Y„.i)/B 

Bk=(Yk*,-2Y,+Yk.i)/2 

C,=(Y,^i-Yk.,)/2 

Since Di^ is unknown, it is represented by the formula 

D K=(D , Y K^+D 2 Y +D 3Y K+D ^ Y )/6 

As described above, the variable conversion of X^t is carried out. and therefore the spline interpolating function 
f i((x) is represented by the formula shown below. 

fk{x)=fk(t) 

Therefore. 

*K(tW(YK+2-3YK*i+3YK.Y,.,)/B}t^ HQ/ ^^,^2y ^^V ^,,)/2)X^ H(y ^.-V ^,,m MD ,Y ^^^D 

+D3Y,+D4Yk.,)/6 

Arranging this formula with respect to the image signal components Y^.^ , Y^, Yk^.^, and Yk+2 yields Formula (28). 

<k(t)={(-t^+3t^-3t+D4)/6}Yk.i +{(3t^.et^+D3)y6}Yk +{{^t^+3t^+3t+D2)/6}Yk^i +{(t ^ )/6} Y (28) 
if t is set to be t=1 . the formula shown below will obtain. 

f k(1)={P 4-iy61Y k-i 3-3y6}Y K +{(D 2+3)/6}Y +{(D , +1)/6}Y 
As for the section X^+i-Xk+a. Formula (29) obtains. 

*k+i(tHH^+3t^-3t+D4)/6}Yk +{(3t^-6t2+D3)/^^^ +{(-3t^+3t^+3t+D2)/6}YK^2 +{(t ^ )/6}Y (29) 
If t is set to be t=0, the formula shown below will otstain. 

fK.i(0)=(D4/6)YK+(D3/6)YK,i +(D2/6)Yk^2+(Di/6)Y,^3 

From the continuity condition {fk(1)=fk+i(0)} and the condition rn that the coefficients corresponding to the respec- 
tive filtering-processed image signal components are equal to each other. 04-1=0. 03-3=04. 02+3=03. 0^+1 =02, and 
0^=0. Therefore, 

DK=CYk.i+4Yk+Yk.i)/6 
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Accordingly, Formula (30) obtans. 

Yp=f k(t)={(-t^+3t^-3t+1)/6}Y^., +{(3t^-6t2+4)/6}Y^ +{(-3t^+3t2+3t+1)/6}Y^^i +(t^/6)Yk^2 (30) 

5 Therefore, the interpolation coefficients b^.^ . b^, bK+i . and bK+2. which respectively correspond to the filtering-proc- 

essed image signal components Y^.i. Y^. Y^+i . and Yk+2. niay be represented by the formulas shown below. 

bK.i=(-t^+3t^-3t+1)/6 

10 bK=(3t^-6t^+4)/6 

'>k+i=(-3t^+3t^+3t+l)/6 

15 

The operations described above are repeated for the sections >^.2'^X^.^, Xk-i'-Xk. Xk-X^+i. and Xk^.i~Xk+2- In this 
manner, an interpolation image signal can be obtained, which is made up of image signal components occurring at 
intervals different from those of the image signal components of the entire filtering-processed image signal. 

Therefore, in cases where the B spline interpolating operation process is carried out on each of the f iltering-proc- 
so essed image signals BK the unsharp image signals Susk corresponding respectively to the filtering-processed image 
signals Bk can be obtained. 

Also, in the embodiments described above, the filtering process is carried out with respect to the image signal com- 
ponents of the original image signal Sorg, which represent the picture elements located at every second row and every 
second column in the array of picture elements of the original image. The interpolating operation is then carried out. The 
25 process is earned out successively, and the unsharp image signals Susk are thereby obtained. Alternatively, the filtering 
process may be carried out on the original image signal Sorg by using a plurality of unsharp masks having different 
sizes, and the unsharp image signals Susk having different frequency response characteristics may thereby be 
obtained. 

Further, the frequency emphasis processing or the dynamic range compressing process in the embodiments 

30 described above is also applicable when the frequency emphasis processing or the dynamic range compressing proc- 
ess is carried out on a flow pattern, which occurs in the image obtained with the tomographic image recording opera- 
tion. The embodiment, wherein the frequency emphasis processing and the dynamic remge compressing process are 
carried out simultaneously, is also applicable to the image obtained with the tomographic image recording operation. In 
this manner, the flow pattern can be eliminated, and an artifact can be prevented from occurring at the region in the 

35 vicinity of an edge in the image. 

Specifically, the image processing method for eliminating the flow pattern, which occurs when the tomographic 
image recording operation is carried out, by carrying out the image processing with unsharp masks is proposed in. for 
example, Japanese Unexamined Patent Publication Na 3(1991)-276265. In such cases, the problems occur in that an 
artifact occurs in the region in the vicinity of an edge, at which the image density changes sharply. In such cases, in 

40 order for the flow pattern to be eliminated, the unsharp image signals Susk are obtained by using a one-dimensional 
unsharp mask. Specifically, when the unsharp image signals having different frequency response characteristics are 
obtained in the embodiments described above, the filtering process with the one-dimensional unsharp mask for elimi- 
nating the flow pattern may be carried out The band-limited image signals may then be obtained in accordance with 
the thus obtained filtering-processed image signals. In cases where the absolute value of each band-limited image sig- 

45 nal is comparatively large, the band-limited image signal may be converted such that its absolute value may become 
small. The subsequent processes may then be carried out. In this manner, the flow pattern can be eliminated, and an 
image free from any artifact and having good image quality can be obtained. 

Also, together with the process using the one-dimensional unsharp mask for the elimination of the flow pattern, the 
aforesaid process using the two-dimensional unsharp mask or the process, in which the processing is carried out with 

so the one-dimensional unsharp mask in two-dimensional directions, may be carried out. In such cases, the flow pattem 
can be eliminated from the original image, and the occurrence of the artifact in the region in the vicinity of an edge can 
be reduced even further. Therefore, a processed image having good image quality can be obtained. 

Further, as described above, in the frequency emphasis processing and the dynamic range compressing process, 
the converting process carried out on the band-limited image signals may be varied for different portions of the object. 

55 the images of which were recorded. The idea of the changing of the process in accordance with the portion of the 
object, the image of which was recorded, is applicable to every embodiment. 
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1. A multi-resolution transforming method, wherein an original inr\age constituted of a lattice-like array of picture ele- 
ments, which are located at predetermined intervals along the rows and columns of the lattice-like an-ay. is trans- 

s formed into a multi-resoiution space, the method comprising the steps of: 

i) can-ying out a filtering process on the original image, the filtering process being carried out by using a filter 
having a predetermined size and with respect to each of picture elements selected at predetermined intervals, 
a first filtering-processed image being thereby obtained. 
10 ii) can^ying out said filtering process on said first filtering-processed image, a second filtering-processed image 

being thereby obtained. 

iii) successively carrying out said filtering process on the respective filtering-processed images, which are thus 
obtained successively, the original image being thereby transformed into a plurality of images having different 
levels of resolution, and 

15 iv) carrying out an interpolating operation process on each of the plurality of said images having different levels 

of resolution, whereby multi-resolution transformed images, each of which is constituted of the same number 
of picture elements as that of the picture elements constituting the original image, are obtained. 

2. A multi -resolution transforming apparatus, wherein an original image constituted of a lattice-like an^ay of picture ele- 
20 ments, which are located at predetermined intervals along the rows and columns of the lattice-like array, is trans- 
formed into a multi-resolution space, the apparatus comprising: 

i) a filtering means for transforming the original image into a plurality of images having different levels of reso- 
lution by: 

carrying out a filtering process on the original image, the filtering process being carried out by using a filter 
having a predetermined size and with respect to each of picture elements selected at predetermined inter- 
vals, a first filtering-processed image being thereby otDtained. 

carrying out said filtering process on said first filtering-processed image, a second filtering-processed 
image being thereby ot)tained, and 

successively can-ying out said filtering process on the respective filtering-processed images, which are 
thus obtained successively, and 

ii) an interpolating operation means for carrying out an interpolating operation process on each of the plurality 
35 of said images having different levels of resolution, and thereby obtaining multi-resolution transformed images, 

each of which is constituted of the same number of picture elements as that of the picture elements constituting 
the original image. 

3. An image processing method, wherein a signal concerning high frequency components of an original image is 
40 added to an original image signal, which represents the original image, and the high frequency components of the 

original image are thereby enphaslzed, tiie metiiod comprising the steps of: 

i) forming a plurality of unsharp mask image signals, which have different frequency response characteristics, 
from the original image signal, 

ii) forming a plurality of band-limited image signals, each of which represents one of signals falling within a plu- 
rality of different frequency bands of the original image signal, from the original image signal and the plurality 
of said unsharp mask image signals, or from the plurality of said unsharp mask image signals, 

iii) carrying out a converting process on at least a single band-limited image signal, which is among the plurality 
of said band-limited image signals, such tiiat at least a portion of the band-limited image signal may become 
small, a plurality of converted image signals being thereby formed, and 

iv) integrating the plurality of said converted image signals, whereby the signal concerning the high frequency 
components of the original image, which signal is to be added to the original image signal, is obtained. 

4. An image processing method as defined in Claim 3 wherein the formation of tiie plurality of said converted image 
55 signals is carried out by converting a band-limited image signal having a signal value, the absolute value of which 

is larger than a predetermined threshold value, such that the absolute value of the signal value of tiie band-limited 
image signal, which absolute value is larger than tiie predetermined tiireshold value, may be converted to a small 
value. 
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5. An Image processing methcxd as defined in Claim 4 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal such that, as the absolute value of the signal value 
of the band-limited image signal becomes larger than the predetermined threshold value, the absolute value of the 
signal value of the band-limited image signal may be converted to a small value, and such that, as the absolute 

5 value of the signal value of the band-limited image signal becomes smaller than a different threshold value, which 
is smaller than the predetermined threshold value, the absolute value of the signal value of the band-limited image 
signal may be converted to a small value. 

6. An image processing method as defined in Claim 4 wherein the formation of the plurality of said converted image 
10 signals is cam'ed out by converting a band-limited image signal such that the level of the absolute value of the sig- 
nal value of the band-limited image signal may be changed in accordance with the frequency band of the band-lim- 
ited image signal. 

7. An image processing method as defined in Claim 5 wherein the formation of the plurality of said converted image 
75 signals is carried out by converting a band-limited image signal such that the level of the absolute value of the sig- 
nal value of the band-limited image signal may be changed in accordance with the frequency band of the band-lim- 
ited image signal. 

8. An image processing method as defined in Claim 3 wherein the formation of the plurality of said converted image 
20 signals is carried out by converting a band-limited image signal in accordance with one of a plurality of functions. 

which vary for different frequency bands, such that the absolute value of the signal value of the band-limited image 
signal may be converted to a value, which is not larger than said absolute value and is determined in accordance 
with said absolute value. 

25 9. An image processing method as defined in Claim 8 wherein each of the functions, which are used for the formation 
of said converted image signals, converts a band-limited image signal having a signal value, the absolute value of 
which is larger than a predetermined value, such that the value of the converted image signal may become approx- 
imately equal to a predetermined level, and wherein the functions are set such that, in a function for processing a 
high frequency band, said predetermined value is set to be smaller than those in the other functions. 

30 

10. An image processing method as defined In Claim 8 wherein the functions, which are used for the formation of said 
converted image signals, are set such that, in a function for processing a low frequency band, the absolute value 
of tiie converted image signal, that is obtained when the band-limited image signal having a signal value, the abso- 
lute value of which falls within a predetermined range close to 0. is converted, may take a value smaller than those 

35 in the other functions. 

1 1 . An image processing method as defined in Claim 9 wherein the functions, which are used for tiie formation of said 
converted image signals, are set such that. In a function for processing a low frequency band, the absolute value 
of the converted image signal, that is obtained when the band-limited image signal having a signal value, the abso- 

40 lute value of which falls witiiin a predetermined range close to 0, is converted, may take a value smaller than those 
in the other functions. 

12. An image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning tfie high frequency components. 

45 and the addition of the signal concerning the high frequency components to the original image signal are carried 
out with tiie formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1.Sus2,....SusN) Fusm(Sorg.Sus1.Sus2....,SusN) 
={f1(Sorg - Sus1)+f2(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

so 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk (ksl to isl) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance wrtii tiie original image signal. 

55 

13. An image processing method as defined in Claim 4 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, tiie formation of the signal concerning tiie high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out witii the formula: 
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wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
5 represents the original image signal. Susk (k=1 to N) represents the unsharp mask Image signal, fk (ksl to N) rep- 

resents the function for converting the band-limited image signal, and WSorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

14. An image processing method as defined in Claim 8 wherein the formation of said band-limited image signals, the 
70 formation of said converted image signals, the formation of the signal concerning the high frequency components. 

and the addition of the signal concerning the high frequency components to the original image signal are carried 
out with the formula: 

Sproc=Sorg+p(Sorg) • FusmfSorg.Sus1.Sus2 SusN) Fu5m(Sorg.Sus1 .Sus2 SusN) 

75 ={f1(Sorg - Sus1)+f2(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N) represents the unshaip mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
so determined in accordance with the original image signal. 

15. An image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency corrponents to the original image signal are carried 

25 out with the formula: 

Sproc=Sorg+p(Sora) • Fusm(Sorg.Sus1,Sus2 SusN) Fusm(Sorg.Sus1,Sus2 SusN) 

=(1/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - SuskK .+tN(Sorg - SusN)} 

30 wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

35 16, An image processing method as defined in Claim 4 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out with the formula: 

40 Sproc=Sorg+p(Sora) • Fusm(Sorg.Sus1 ,Sus2 SusN) Fusm(Sorg,Sus1 .Sus2.....SusN) 

=(1/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

wherein Sproc represents the image signal, In which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk {k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
45 resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

17. An image processing method as defined in Claim 8 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
so and the addition of the signal concerning the high frequency components to the original image signal are carried 
out vkrith the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1.Sus2,....SusN) Fusm{Sorg,Sus1.Sus2 SusN) 

=(1/N) • {f1{Sorg - Sus1)+f2{Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN{Sorg - SusN)} 

55 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 



31 



BNSDCX:iD: <EP 07662O2A2_L> 



EP0766 202 A2 



18. An image processing methcxi as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are canrled 
out with the formula: SprocsSorg+p(Sorg) • Fusm(Sus1 .Sus2 SusN) 

5 • 

Fusm(Sus1 .Sus2,...,SusN) 

={f2(Sus1 - Sus2)+f3(Sus2 - Sus3)+... -i-fk(Susk-1 - Susk)+...^-fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Song 
10 represents the original image signal, Susk (k=:1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

19. An image processing method as defined in Claim 4 wherein the formation of said band-limited image signals, the 
15 formation of said converted image signals, the formation of the signal concerning the high frequency components, 

and the addition of the signal concerning the high frequency components to the original image signal are carried 
out with the formula: 

SprocsSorg+p(Sorg) • Fusm(Sus1.Sus2 SusN) Fusm(Sus1 .Su52 SusN) 

20 ={f2(Sus1 - Sus2)+&(Sus2 - Sus3)+... -i.fk(Susk-1 - SuskH -+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
resents the function for converting the band-iimited image signal, and P(Sorg) represents the emphasis coefficient 
25 determined in accordance with the original image signal. 

20. An image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the additbn of the signal concerning the high frequency components to the original image signal are candied 

30 out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sus1,Sus2 SusN) Fusm(Sus1 .Sus2 Susfsl) 

=(1/N) • {f2(Sus1 - Sus2)+f3 (Sus1 - Sus3)+... +fk(Sus1 - Susk]+...+fN(Sus1 - SusN)} 

35 wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=:2 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

40 21. An image processing method as defined in Claim 4 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of tiie signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency conrponents to the original image signal are carried 
out with tiie formula: 

45 Sproc=Sorg+p(Sorg) • FusmfSusI ,Sus2 SusN) Fusm(Sus1 ,Sus2,....SusN) 

o(l/N) • {f2(Sus1 - Su82)+f3(Sus1 - Su83)-i-... -ff^SusI - Susk)+...+fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents tfie original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
50 resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

22. An image processing method as defined in Claim 3 wherein the formation of the plurality of said converted image 
signals is carried out by conducting a converting process on a band-limited image signal in accordance with the 

55 value of an emphasis coefficient, which is used for the emphasis. 

23. An image processing method as defined in Claim 4 wherein the formation of the plurality of said converted image 
signals is canied out by conducting a converting process on a band-limited image signal in accordance with tiie 
value of an emphasis coefficient, which is used for the emphasis. 
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24. An image processing method as defined in Claim 8 wherein the formation of the plurality of said converted image 
signals is carried out by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coeffident, which is used for the enrphasis. 

5 25. An image processing method as defined in Claim 12 wherein the formation of the plurality of said converted image 
signals is carried out by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coeffident, which is used lor the emphasis. 

26. An image proc^sing method as defined in Claim 15 wherein the formation of the plurality of said converted image 
10 signals is earned out by conducting a converting process on a band-limited image signal In accordance with the 

value of an emphasis coeffident, which is used for the emphasis. 

27. An image processing method as defined in Claim 18 wherein the formation of the plurality of said converted image 
signals is can-led out by conducting a converting process on a band-limited image signal in accordance with the 

IS value of an emphasis coeffident, which is used for the emphasis. 

28. An image processing method as defined in Claim 20 wherein the fbrmatbn off the plurality of said converted image 
signals is carried out by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coeffident. which is used for the emphasis. 

20 

29. An image processing method as defined in Claim 22 wherein said converting process varies for different frequency 
bands and is carried out such that, as for a band-limited image signal of a low frequency band, the band-limited 
image signal may be restricted strongly, and such that, as the value of said emphasis coeffident becomes large, 
the difference between the degree of restriction of a band-limited image signal of a high frequency band and the 

25 degree of restriction of a band-limited image signal of a low frequency barvJ may become large. 

30. An image processing method as defined in Claim 3 wherein the formation of the plurality of said converted image 
signals is can-ied out by: 

30 converting a band-limited Image signal such that the absolute value of the signal value of the band-limited 

image signal may be converted to a value, which is not larger than said absolute value and is determined in 
accordance with said absolute value, a restricted image signal being thereby obtained, 
forming an auxiliary image signal, which contains a signal of a frequency band lower than the frequency band 
of the band-limited image signal having been used for the formation of said restricted image signal, said auxil- 

35 iary image signal being formed from the original image signal and the plurality of said unsharp mask image sig- 

nals, 

converting said auxiliary image signal such that as the absolute value of the signal value of said auxiliary 
image signal becomes small, said absolute value may be converted to a value close to 1 . and such that, as the 
absolute value of the signal value of said auxiliary image signal becomes large, said absolute value may be 
40 converted to a value close to 0. a magnification ratio signal corresponding to said restricted image signal being 

thereby ot)tained, and 

multiplying said restricted image signal by said magnification ratio signal, which corresponds to said restricted 
image signal. 

45 31. An image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out the formula: 

so 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1.Sus2 SusN) Fusm(Sorg,Sus1 ,Sus2 SusN) 

=={f1(Sorg - Sus1) • g(Sus1 - Sus2) +f2{Sus1 - Sus2) • g(Sus2 - Sus3)+,.. 
+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +f N(SusN-1 - SusN) • g{SusN - SusN+1)} 

ss 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents tiie original image signal. Susk (k=1 to N+1) represents tiie unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents tiie function for converting tiie auxiliary image signal and tiiereby obtaining the magnification ratio 
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signal, and p(Sorg) represents the emphasis coeffident detiermined in accordance with the original image signal. 

32. An image processing method as defined in Claim 30 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency conponents. 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1,Sus2....,SusN) Fusm(Sorg,Sus1,Sus2 SusN) 

s{f 1(Sorg - Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susi^ • g(Susk - Susk-f 1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal. Susk (k=1 to N+l) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and P(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 

33. Ah image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1,Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

={f1(Sorg - Sus1) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g{Sorg - Sus3)+... 
-i-fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... -i-fN{SusN-1 - SusN) - g(Sorg - SusN+l)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and p(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 

34. An image processing method as defined in Claim 30 wherein the formation of said band-limited image signals, the 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1.Sus2,....SusN) Fusm(Sorg,Sus1.Sus2 SusN) 

={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

wherein Sproc represents tiie image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=l to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and P(Sorg) represents the emphasis coefficient determined in accordance witii the original image signal. 

35. An image processing method as defined in Claim 3 wherein the formation of tiie plurality of said converted image 
signals is carried out by: 

converting a low frequency side band-limited image signal, which is of a frequency band lower than the fre- 
quency band of a band-limited image signal to be converted, with a non-linear function, an auxiliary image sig- 
nal for said band-limited image signal to be converted being thereby ot)tained, said non-linear function having 
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the characteristics such that the function may pass through an origin, such that ttie inclination of the function 
at the origin may be equal to approximately 0, and such that the inclination of the function may increase grad- 
ually as the value to be processed becomes large, 

adding said auxiliary image signal to said band-limited image signal to be converted, a composite band-limited 
image signal being tiiereby obtained, and 

converting said composite band-limited image signal such that the absolute value of the signal value of said 
composite band-limited image signal may be converted to a value, which is not larger than said absolute value 
and is determined in accordance with said absolute value. 

36. An image processing method as defined in Claim 3 wherein the formation of said band-limited image signals, tiie 
formation of said converted image signals, the formation of the signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1,Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

=[f1{(Sorg - Sus1)+g(Su5l - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susk)+g(Susk - Susk+1)}+... +fN{(SusN-1 - SusN)45{SusN - SusN+1)}] 

wherein Sproc represents tiie image signal, in which tiie high frequency components have been emphasized. Sorg 
represents tiie original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the composite band-limited image signal, g represents the function for con- 
verting the band-limited image signal and thereby obtaining the auxiliary image signal, and p(Sorg) represents the 
emphasis coefficient determined in accordance with the original image signal. 

37. An image processing method as defined in Claim 35 wherein the formation of said band-limited image signals, tiie 
formation of said converted image signals, the formation of tfie signal concerning the high frequency components, 
and the addition of the signal concerning the high frequency components to the original image signal are carried 
out tiie formula: 

Sproc=Sorg+p(Sorg) • Fusm{Sorg.Sus1.Sus2 SusN) Fusm(Sorg,Sus1.Sus2 SusN) 

=tf1{{Sorg - Sus1)+g(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{{Susk-1 - Susk)+g(Susk - Susk+1 ))+... +f N{(SusN-1 - SusN)45(SusN - SusN+1 )}] 

wherein Sproc represents tiie image signal, in which tiie high frequency components have been emphasized, Sorg 
represents tiie original image signal. Susk (k=l to N+1) represents the unsharp mask image signal, fk (k=l to N) 
represents the function for converting the composite band-limited image signal, g represents the function for con- 
verting the band-limited image signal and thereby obtaining the auxiliary image signal, and p(Sorg) represents the 
enphasis coeff ident determined in accordance with the original image signal. 

38. An image processing method as defined in Claim 3 wherein the formation of tiie plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance witii the portion of an object, the 
image of which was recorded as the original image. 

39. An image processing method as defined in Claim 4 wherein the formation of the plurality of said converted image 
signals is earned out by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

40. An image processing method as defined in Claim 8 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance witii the portion of an object, the 
image of which was recorded as tiie original image. 

41. An image processing mettiod as defined in Claim 12 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object, tiie 
image of which was recorded as the original image. 
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42. An image processing method as defined in Claim 1 5 wherein the formation of the plurality of said cx)nverted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

5 43. An image processing method as defined in Claim 18 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

44. An Image processing method as defined in Claim 20 wherein the formation of the plurality of said converted image 
10 signals is carried out by converting a band-limited image signal in accordance with the portion of an object, the 

image of which was recorded as the original image. 

45. An Image processing method as defined in Claim 30 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object, the 

15 image of which was recorded as the original image. 

46. An image processing method as defined in Claim 31 wherein the formation of the plurality of said converted image 
signals Is carried out by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

20 

47. An image processing method as defined in Claim 33 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

25 48. An image processing method as defined in Claim 35 wherein the formation of the plurality of said converted image 
signals is carried out by converting a band-limited image signal in accordance with the portion of an object the 
image of which was recorded as the original image. 

49. An image processing method as defined in Claim 36 wherein the formation of the plurality of said converted image 
30 signals is carried out by converting a t)and-limfted image signal in accordance with the portion of an object, the 

image of which was recorded as the original image. 

50. An image processing method as defined in Claim 3 wherein the original image has been obtained from a tomo- 
graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

35 mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask ectending along the direction of said flow pattern. 

51. An image processing method as defined in Claim 4 wherein the original image has been obtained from a tomo- 
graphic image recording operation arxj contains a flow pattern, and the formation of the plurality of said unsharp 

40 mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

52. An image processing method as defined in Claim 8 wherein the original image has been obtained from a tomo- 
graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

45 mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

53. An image processing method as defined in Claim 12 wherein the original image has been obtained from a tomo- 
graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

so mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

54. An image processing method as defined in Claim 15 wherein the original image has been obtained from a tomo- 
graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

55 mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

55. An image processing method as defined in Claim 18 wherein the original image has been obtained from a tomo- 
graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 
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mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

56. An image processing method as defined in Claim 20 wherein the original image has been obtained from a tomo- 
5 graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

57. An image processing method as defined in Claim 30 wherein the original image has been obtained from a tomo- 
10 graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is candied out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

58. An image processing method as defined in Claim 31 wherein the original image has been obtained from a tomo- 
IS graphic Image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

59. An image processing method as defined in Claim 33 wherein the original image has been obtained from a tomo- 
20 graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is carried out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

60. An image processing method as defined in Claim 35 wherein the original image has been obtained from a tomo- 
25 . graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is can-ied out by conducting unsharp nrask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

61. An image processing method as defined in Claim 36 wherein the original image has been obtained from a tomo- 
30 graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is candied out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

62. An image processing method as defined in Claim 38 wherein the original image has been obtained from a tomo- 
35 graphic image recording operation and contains a flow pattern, and the formation of the plurality of said unsharp 

mask image signals is can-ied out by conducting unsharp mask processing on the original image signal by using a 
one-dimensional unsharp mask extending along the direction of said flow pattern. 

63. An image processing apparatus, wherein a signal concerning high frequency components of an original image is 
40 added to an original image signal, which represents the original image, and the high frequency components of tiie 

original Image are thereby emphasized, tiie apparatus comprising: 

i) an unsharp mask image signal forming means for forming a plurality of unsharp mask image signals, which 
have different frequency response characteristics, from the original image signal. 
45 ii) a band-limited image signal forming means for forming a plurality of band-limited image signals, each of 

which represents one of signals falling within a plurality of different frequency bands of the original image sig- 
nal, from the original image signal and the plurality of said unsharp mask image signals, or from the plurality of 
said unsharp mask image signals. 

iil) a conversion means for carrying out a converting process on at least a single band-limited image signal, 
50 which is among the plurality of said band-limited image signals, such that at least a portion of the band-Ilmlted 

image signal may become small, and thereby forming a plurality of converted image signals, and 
iv) a frequency emphasis processing means for integrating the plurality of said converted image signals, and 
thereby ot>taining tiie signal concerning the high frequency components of the original image, which signal is 
to be added to the original image signal. 

55 

64. An image processing apparatus as defined In Claim 63 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal having a signa] value, the absolute value of 
which Is larger tiian a predetermined threshold value, such that the absolute value of the signal value of tiie band- 
limited image signal, which absolute value is larger than tiie predetermined threshold value, may be converted to 
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a small value. 

65. An Image processing apparatus as defined in Claim 64 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal such that, as the absolute x^lue of the signal 

5 value of the band-limited image signal becomes larger than the predetermined threshold value, the absolute value 
of the signal value of the band-iimited image signal may be converted to a small value, and such that, as the abso- 
lute value of the signal value of the band-limited Image signal becomes smaller than a different threshold value, 
which Is smaller than the predetermined threshold value, the absolute value of the signal value of the band-limited 
Image signal may be converted to a small value. 

10 

66. An image processing apparatus as defined in Claim 64 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal such that the level of the absolute value of the 
signal value of the band-limited image signal may be changed In accordance with the frequency band of the band- 
limited image signal. 

15 

67. An image processing apparatus as defined in Claim 65 wherein said conversion means forms the plurality of said 
converted Image signals by converting a band-limited Image signal such that the level of the absolute value of the 
signal value of the band-limited image signal may be changed in accordance with the frequency band of the band- 
limited image signal. 

20 

68. An image processing apparatus as defined in Claim 63 wherein said conversion means forms the plurality of said 
converted Image signals by converting a band-limited image signal in accordance with one of a plurality of func- 
tions, which vary for different frequency bands, such that the absolute value of the signal value of the band-limited 
image signal may be converted to a value, which is not larger than said absolute value and is determined in accord- 

25 ance with said absolute value. 

69. An image processing apparatus as defined in Claim 68 wherein each of the functions, which are used for the for- 
mation of said converted image signals, converts a band-limited Image signal having a signal value, the absolute 
value of which is larger than a predetermined value, such that the value of the converted image signal may become 

30 approximately equal to a predetermined level, and wherein the functions are set such that, in a function for process- 
ing a high frequency band, said predetermined value is set to be smaller than those In the other functions. 

70. An image processing apparatus as defined in Claim 68 wherein the functions, which are used for the formation of 
said converted image signals, are set such that, in a function for processing a low frequency band, the absolute 

35 value of the converted image signal, that is obtained when the band-limited image signal having a signal value, the 
absolute value of which falls within a predetermined range close to 0, Is converted, may take a value smaller than 
those in the other functions. 

71. An Image processing apparatus as defined in Claim 69 wherein the functions, which are used for the formation of 
40 said converted image signals, are set such that, in a function for processing a low frequency band, the absolute 

value of the converted Image signal, that is obtained when the band-limited image signal having a signal value, the 
absolute value of which falls within a predetermined range close to 0, is converted, may take a value smaller than 
those in the other functions. 

45 72. An image processing apparatus as defined in Claim 63 wherein the formation of said band-limited image signals, 
the formation of said converted Image signals, the formation of the signal concerning the high frequency conpo- 
nents. and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1 ,Sus2 SusN) Fusm(Sorg,Sus1 .Sus2 SusN) 

:={f1(Sorg - Sus1)+S(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
55 resents the function for converting the band-iimited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

73. An image processing apparatus as defined in Claim 64 wherein the formation of said band-limited image signals, 
the formation of saki converted image signals, the formation of the signal concerning the high frequency conpo- 
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nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1,Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

5 ={f1(Sorg - Sus1)+t2(Susl - 5us2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)) 

vk^erein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
10 determined in accordance with the original image signal. 

74. An Image processing apparatus as defined in Claim 68 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original Image signal are 
15 carried out with the formula: 

Sproc=Sorg+p{Sorg) • Fusm(Sorg.Sus1,Sus2 SusN) Fusm(Sorg.Sus1.Sus2....,SusN) 

o{f1(Sorg - Sus1)+f2(Sus1 - Sus2)+.,. +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)) 

20 wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
r^resents the original image signal. Susk {k=l to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

25 75. An image processing apparatus as defined in Claim 63 wherein the formation of said band-limited Image signals, 
the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
cam'ed out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1.Sus2 SusN) Fusm{Sorg.Sus1.Sus2 SusN) 

=(1/N) • {f1(Sorg - Sus1)+f2{Sorg - Sus2)-|.... +fk(Sorg - Susk)+..,+fN{Sorg - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk {k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with tiie original image signal. 

An image processing apparatus as defined In Claim 64 wherein tiie formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning tiie high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1.Sus2 SusN) Fusm(Sorg.Sus1,Sus2 SusN) 

=(1/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk{Sorg - Susk)+...+fN(Sorg - SusN)} 

45 

wherein Sproc represents the image signal, in which tiie high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with tiie original image signal. 

50 

77. An image processing apparatus as defined in Claim 68 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
earned out witii the formula: 

55 

Sproc=Sorg+p(Sora) • Fusm(Sorg.Sus1.Sus2 SusN) Fusm(Sorg,Sus1.Sus2,...,SusN) 

=(1/N) • {f1{Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

wherein Sproc represents the image signal, in which tiie high frequency components have been emphasized, Sorg 
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represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) rep- 
resents the function for converting the band-limited image signal, and p(Soiig) represents the emphasis coefficient 
determined in accordance with the original image signal. 

5 78. An image processing apparatus as defined in Claim 63 wherein the formation of said t)and-limited image signals, 
the formation of said converted image signals, the formation of the signal conceming the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

10 Sproc=Sorg+p(Sorg) • FusmfSusl ,Sus2 SusN) FusmfSusI ,Sus2 SusN) 

={f2(Sus1 - Sus2)+fe(Sus2 - Sus3)+... +fk(Susk-l - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
75 resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

79. An image processing apparatus as defined in Claim 64 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal conceming the high frequency compo- 

20 nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sus1.Sus2....,SusN) Fusm(8us1 ,Sus2 SusN) 

={f2(Sus1 - Sus2)4-f3(Sus2 - Sus3)+... -i-fkCSusk-l - Susk)+.. -(-fN(SusN-1 - SusN)} 

25 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

30 

80. An image processing apparatus as defined in Claim 63 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal conceming the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

35 

Sproc=Sorg+p(Sorg) • Fusm(Sus1 ,Sus2 SusN) Fusm(Sus1,Sus2 SusN) 

=(1/N) • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... 4fk(Sus1 - Susk)+...+fN(Susl - SusN)} 

wherein Sproc represents the image signal. In which the high frequency components have been emphasized. Sorg 
40 represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) rep- 
resents the function for converting the band-limited image signal, and p(Sorg) represents the emphasis coefficient 
determined in accordance with the original image signal. 

81. An image processing apparatus as defined in Claim 64 wherein the formation of said t>and-limited image signals. 
45 the formation of said converted image signals, the formation of the signal conceming the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out with the formula: 

Sproc=Sorg-i-P(Sorg) • FusmfSusl, Sus2 SusN) Fusm(Sus1.Sus2....,SusN) 

so =(1/N) • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... +fk(Sus1 - Susk)+...+fN(Susl - SusN)} 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (ks2 to N) rep- 
resents the function for converting the band-limited image signal, and P(Sorg) represents the emphasis coefficient 
55 determined in accordance with the original image signal. 

82. An image processing apparatus as defined in Claim 63 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coefficient, which is used for the emphasis. 
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83. An Image processing apparatus as defined in Claim 64 ¥vherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coefficient, which is used for the emphasis. 

84. An image processing apparatus as defined in Claim 68 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limfted image signal in accordance with the 
value of an emphasis coefficient, which is used for the emphasis. 

85. An image processing apparatus as defined in Claim 72 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coefficient, which is used for the emphasis. 

86. An image processing apparatus as defined in Claim 75 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coefficient, which is used for the enphasis. 

87- An image processing apparatus as defined in Claim 78 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an emphasis coeffident. which is used for the enphasis. 

88. An image processing apparatus as defined in Claim 80 wherein said conversion means forms the plurality of said 
converted image signals by conducting a converting process on a band-limited image signal in accordance with the 
value of an enphasis coefficient, which is used for the emphasis. 

89. An image processing apparatus as defined in Claim 82 wherein said converting process varies for different fre- 
quency bands and is carried out such that, as for a band-limited image signal of a low frequency band, the band- 
limited image signal may be restricted strongly, and such that, as the value of said emphasis coefficient becomes 
large, the difference between the degree of restriction of a band-limited image signal of a high frequency band and 
the degree of restriction of a band-limited image signal of a low frequency band may become large. 

90. An image processing apparatus as defined in Claim 63 wherein said conversion means comprises: 

a restricted image signal forming means for converting a band-limited image signal such that the absolute 
value of the signal value of the band-iimited image signal may be converted to a value, which is not larger than 
said absolute value and is determined in accordance with said absolute value, and thereby obtaining a 
restricted Innage signal, 

an auxiliary image signal forming means for forming an auxiliary image signal, which contains a signal of a fre- 
quency band lower than the frequency band of the band-limited Image signal having been used for the forma- 
tion of said restricted image signal, said auxiliary image signal being formed from the original image signal and 
the plurality of said unsharp mask image signals, 

a magnification ratio signal forming means for converting said auxiliary image signal such ttiat. as the absolute 
value of the signal value of said auxiliary image signal becomes small, said absolute value may be converted 
to a value dose to 1, and such that, as tiie absolute value of the signal value of said auxiliary image signal 
becomes large, said absolute value may be converted to a value close to 0. and thereby obtaining a magnifi- 
cation ratio signal corresponding to said resti-icted image signal, and 

a multiplication means for multiplying said restricted image signal by said magnification ratio signal, which cor- 
responds to said restricted image signal. 

91. An image processing apparatus as defined in Claim 63 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, ttie formation of the signal concerning tiie high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out the formula: 

Sproc=Sorg+p{Sorg) • Fusm(Sorg.Sus1,Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

={f1 (Sorg - Sus1) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +fN(SusN-1 - SusfsQ • g(SusN - SusN+1)} 
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wherein Sproc represents the image signal, in which the high frequency connponents have been emphasized. Sorg 
represents the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (ks1 to N) 
represents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
5 signal, and P(Sorg) represents the emphasis coefficient determined In accordance with the original image signal. 



92. An image processing apparatus as defined In Claim 90 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
10 carried out the formula: 



Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1,Sus2 SusN) Fusm(Sorg,Sus1,Sus2 SusN) 

={f 1(Sorg - Susi) • g(Susl - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susk) • g{Susk - Susk+1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1)} 



wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal, Susk (k=1 to N+l) represents the unsharp mask image signal, fk (ks1 to N) 
20 represents the function for converting the t>and-limited image signal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and p(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 



93. An image processing apparatus as defined in Claim 63 wherein the fbrmatbn of said band-limited Image signals, 
25 the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out the formula: 



Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1 ,Sus2 SusN) Fusm(Sorg,Sus1,Sus2 SusN) 

={f1(Sorg - Sus1) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... •ffN(SusN-1 • SusN) • g(Sorg - SusN+l)} 



35 wherein Sproc represents the image signal, in which the high frequency components have been emphasized, Sorg 
represents the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the band-limited image ^gnal and thereby obtaining the restricted image sig- 
nal, g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and P(Sorg) represents the emphasis coefficient determined in accordance with the original image signal. 

40 

94. An image processing apparatus as defined in Claim 90 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal conceming the high frequency compo- 
nents, and the addition of the signal conceming the high frequency components to the original image signal are 
can-led out the formula: 

45 

Sproc=Sorg+p(Sorg) • Fusm(Sorg.Sus1.Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

={f1(Sorg - Sus1) • g(Sorg - Sus2) +f2 (Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

so 



wherein Sproc represents the Image signal, In which the high frequency components have been emphasized. Sorg 
represertts the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (ksl to N) 
r^resents the function for converting the band-limited image signal and thereby obtaining the restricted image sig- 
55 nal. g represents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio 
signal, and p(Sorg) represents the emphasis coefficient determined In accordance with the original Image signal. 

95. An image processing apparatus as defined in Gaim 63 wherein said conversion means conriprlses: 
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an auxiliary image signaJ forming means for converting a low frequency side band-limited image signal, which 
is of a frequency band lower than the frequency band of a band-limited image signal to be converted, with a 
non-linear function, and thereby obtaining an auxiliary image signal for said band-limited image signal to be 
converted, said non-linear function having the characteristics such that the function may pass through an ori- 
gin, such that the inclination of the function at the origin may be equal to approximately 0. and such that the 
inclination of the function may increase gradually as the value to be processed becomes large, 
a composite band-limited image signal forming means for adding said auxiliary image signal to said band-lim- 
ited image signal to be converted, and thereby obtaining a composite fc>and-limited image signal, and 
a converted image signal forming means for converting said conrposite band-limited image signal such that the 
absolute value of the signal value of said composite band-limited image signal may be converted to a value, 
which is not larger than said at>solute value and is determined in accordance with said absolute value, and 
thereby obtaining a converted image signal. 

96. An image processing apparatus as defined in Claim 63 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning the high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
carried out the formula: 

Sproc=Sorg-i-p(Sorg) • Fusm(Sorg,Sus1.Sus2 SusN) Fusm(Sorg.Sus1.Sus2 SusN) 

=[f1{(Sorg - Sus1)-hg(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susk)+g(Susk - Susk+1)}+... +fN{(SusN-1 - SusN)-frg(SusN - SusN+1))] 

wherein Sproc represents the image signal, in which the high frequency components have been emphasized. Sorg 
V represents the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the composite band-limited image signal, g represents the function for con- 
verting the band-limited image signal and thereby obtaining the auxiliary image sighal. and p(Sorg) represents the 
emphasis coefficient determined in accordance with the original image signal. 

97. An image processing apparatus as defined in Claim 95 wherein the formation of said band-limited image signals, 
the formation of said converted image signals, the formation of the signal concerning tiie high frequency compo- 
nents, and the addition of the signal concerning the high frequency components to the original image signal are 
cam'ed out the formula: 

Sproc=Sorg+p(Sorg) • Fusm(Sorg,Sus1 .Sus2,....SusN) Fusm(Sorg,Sus1 ,Sus2.....SusN) 

=[f1{(Sorg - Sus1)+g(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susk)+g(Susk - Susk+1 )}+... +fN{(SusN-1 - SusN)+g{SusN - SusN+1)}] 

wherein Sproc represents the image signal, in which tiie high frequency components have been emphasized, Sorg 
represents tiie original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) 
represents the function for converting the composite band-limited image signal, g represents tiie function for con- 
verting the band-limited image signal and thereby obtaining the auxiliary image signal, and P(Sorg) represents the 
emphasis coefficient determined in accordance with the original image signal. 

98. An image processing apparatus as defined in Claim 63 wherein said conversion means forms the plurality of said 
cortverted image signals by converting a band-limited image signal in accordance with the portion of an oli^'ect, the 
image of which was recorded as the original image. 

99. An image processing apparatus as defined In Claim 64 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance with the portion of an ol^ect. the 
image of which was recorded as the original image. 

100. An image processing apparatus as defined In Claim 68 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance witii tiie portion of an object, the 
image of which was recorded as the original image. 
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101 .An image processing apparatus as defined in Claim 72 wherein by converting a band-fimited image signal in 
accordance with the portion of an object, the image of which was recorded as the original image. 

102. An image processing apparatus as defined in Claim 75 wherein by converting a band-limited image signal in 
5 accordance with the portion of an object, the image of which was recorded as the original image. 

103. An image processing apparatus as defined in Claim 78 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance witii the portion of an object, the 
image of which was recorded as the original image. 

10 

104. An image processing apparatus as defined in Claim 80 wherein by converting a band-limited image signal in 
accordance with the portion of an object, the image of which was recorded as the original image. 

105. An image processing apparatus as defined in Claim 90 wherein said conversion means forms the plurality of said 
15 converted image signals by converting a band-limited image signal in accordance with the portion of an object, the 

image of which was recorded as the original image. 

106. An image processing apparatus as defined in Claim 91 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance with the portion of an object, the 

20 image of which was recorded as the original image. 

107. An image processing apparatus as d^ined in Claim 93 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

25 

108. An image processing apparatus as defined in Claim 95 wherein said conversion means forms the plurality of said 
converted image signals by converting a band-limited image signal in accordance witii tiie portion of an object, tiie 
image of which was recorded as tiie original image. 

30 109.An image processing apparatus as defined in Claim 96 wherein said conversion means forms the plurality of said 
converted image signals by converting a baixi-limited image signal in accordance with the portion of an object, the 
image of which was recorded as the original image. 

110. An image processing apparatus as defined in Claim 63 wherein the original image has been obtained from a tom- 
35 ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms tiie plurality of said unsharp mask image signals by conducting unsharp mask processing on tiie orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said f bw pattern. 

1 1 1 .An image processing apparatus as defined In Claim 64 wherein the original image has been obtained from a tom- 
40 ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms tiie plurality of said unsharp mask image signals by conducting unsharp mask processing on tiie orig- 
inal Image signal by using a one-dimensioned unsharp mask extending along the direction of said fk3w pattern. 

11 2. An image processing apparatus as defined in Claim 68 wherein the original image has been obtained from a tom- 
45 ographic image recording operation and contains a flow pattern, and said unsharp nrask image signal forming 

means forms tiie plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said f bw pattern. 

11 3. An image processing apparatus as defined in Claim 72 wherein the original image has been obtained from a tom- 
so ographic image recording operation and contains a flow pattern, ar^j said unsharp mask image signal forming 

means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said f bw pattern. 

1 14. An image processing apparatus as defined in Claim 75 wherein the original image has been obtained from a tom- 
55 ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 

means forms tiie plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said f bw pattern. 

1 15. An image processing apparatus as defined in Claim 78 wherein the original image has been obtained from a tom- 
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©graphic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

5 116.An image processing apparatus as defined in Claim 80 wherein the original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

10 1 1 7.An image processing apparatus as defined in Claim 90 wherein the original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

75 118.An image processing apparatus as defined in Claim 91 wherein the original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along tiie direction of said flow pattern. 

20 1 19.An image processing apparatus as defined in Claim 93 wherein the original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on the orig- 
inal image signal by using a one-dimensional unsharp mask extending along tiie direction of sakJ f bw pattern. 

2S 120.An image processing apparatus as defined in Claim 95 wherein the original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on tiie orig- 
inal image signal by using a one-dimensioned unsharp mask extending along the direction of said flow pattern. 

30 121 .An image processing apparatus as defined in Claim 96 wherein tiie original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on tiie orig- 
inal image signal by using a one-dimensional unsharp mask extending along tiie direction of said flow pattern. 

35 l22.An image processing apparatus as defined in Claim 98 wherein tiie original image has been obtained from a tom- 
ographic image recording operation and contains a flow pattern, and said unsharp mask image signal forming 
means forms tiie plurality of said unsharp mask image signals by conducting unsharp mask processing on tiie orig- 
inal image signal by using a one-dimensional unsharp mask extending along the direction of said fbw pattern. 

40 123.A dynamic range compressing method, wherein a signal concerning low frequency components of an original 
image is added to an original Image signal, which represents the original Image, and the dynamic range of the orig- 
inal image is thereby compressed, the method comprising the steps of: 

i) forming a plurality of unsharp mask image signals, which have different frequency response characteristics. 
45 from the original image signal, 

ii) forming a plurality of band-limited image signals, each of which represents one of signals falling within a plu- 
rality of different frequency bands of the original Image signal, from the original image signal and the plurality 
of said unsharp mask image signals, or from tiie plurality of said unsharp mask image signals, 

iii) carrying out a converting process on at least a single band-limrted image signal, which is among tiie plurality 
so of said band-limited image signals, such that at least a portion of the band-limited image signal may become 

. small, a plurality of converted image signals being thereby formed, 

iv) integrating the plurality of said converted image signals, an integration signal being thereby obtained. 

v) subtracting said integration signal from the original image signal, a difference signal being thereby obtained, 
and 

55 vi) converting said difference signal, whereby the signal concerning the low frequency components of tiie orig- 

inal image, which signal is to be added to tiie original image signal, is obtained. 

124.A dynamic range compressing method as defined in Claim 123 wherein the formation of tiie plurality of said con- 
verted image signals is can-ied out by converting a band-limited image signal having a signal value, the absolute 



45 

3NSDOCID: <EP ^076e202A2J_> 



EP0 766 202 A2 



value of which is larger than a predetermined threshold value, such that the absolute value of the signal value of 
the band-limited image signal, which absolute value is larger than the predetermined threshold value, may be con- 
verted to a small value. 

5 125.A dynamic range compressing method as defined in Claim 124 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal such that, as the absolute value of 
the signal value of the band-limited image signal becomes larger than the predetermined threshold value, the abso- 
lute value of the signal value of the band-limited image signal may be converted to a small value, and such that, as 
the absolute value of the signal value of the band-limited image signal becomes smaller than a different threshold 

10 value, which is smaller than the predetermined threshold value, the absolute value of the signal value of the band- 
limited image signal may be converted to a small value. 

126. A dynamic range compressing method as defined in Claim 124 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal such that the level of the absolute 

15 value of the signal value of the band-limited image signal may be changed in accordance with the frequency band 
of the t>and-limited image signal. 

127. A dynamic range compressing method as defined in Claim 125 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal such that the level of the absolute 

20 value of the signal value of the band-limited image signal may be changed in accordance with the frequency band 
of the band-limited image signal. 

128. A dynamic range compressing method as defined in Claim 123 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with one of a plurality 

25 of functions, which vary for different frequency bands, such that the absolute value of the signal value of the band- 
limited image signal may be converted to a value, which is not larger than said absolute value and is determined in 
accordance with said absolute value. 

129. A dynamic range compressing method as defined in Claim 128 wherein each of the functions, which are used for 
30 the formation of said converted image signals, converts a band-limited image signal having a signal value, the 

absolute value of which is larger than a predetermined value, such that the value of the converted image signal may 
become approximately equal to a predetermined level, and wherein the functions are set such that, in a function for 
processing a high frequency band, said predetermined value is set to be smaller than those in the other functions. 
• 

35 130.A dynamic range compressing method as defined in Claim 128 wherein the functions, which are used for the for- 
mation of said converted image signals, are set such that, in a function for processing a low frequency band, the 
absolute value of the converted image signal, that is obtained when the band-limited image signal having a signal 
value, the absolute value of which falls within a predetermined range close to 0. is converted, may take a value 
smaller than those in the other functions. 

40 

131 .A dynamic range compressing method as defined in Claim 129 wherein the functions, which are used for the for- 
mation of said converted image signals, are set such that, in a function for processing a low frequency band, the 
absolute value of the converted image signal, that is obtained when the band-Gmited image signal having a signal 
value, the absolute value of which ^lls within a predetermined range close to 0, is converted, may take a value 
45 smaller than those in the other functions. 

132.A dynamic range compressing method as defined in Claim 123 wherein the formation of said fc>and-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
. so nal conceming the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 ,Sus2,....SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

={f1(Sorg - Sus1)+f2(Sus1 - Sus2)+... -i-fkCSusk-l - SuskH ..+fN(SusN-1 - SusN)} 

55 wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represerrts the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represerrts the dynamic range compres- 
sion fector determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 
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133.A dynamic range conrpressing method as defined in Claim 124 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original Image signal are carried out with the formula: 

5 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg,Sus1 .Sus2....,SusN) 

=:{f 1(Sorg . Sus1)+f2{Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
10 the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the t)and-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

15 134.A dynamic range compressing method as defined in Claim 128 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency corrponents. and the addition of the sig- 
nal concerning the low frequency corrponents to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 ,Sus2 SusN) 

={f1(Sorg ■ Sus1)+f2(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN{SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
25 function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency corrponent signal, in which D represents the function 
for converting Sorg-Fdrc. 

135. A dynamic range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
30 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

difference signal, the formation of the signal concerning the low frequency corrponents, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 .Sus2 SusN) 

35 =ri/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)-i....+fN(Sorg - SusN)} 

wherein Sproc represents tiie image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
40 sion fector determined in accordance with the low frequency component signal, in which D represents tiie function 
for converting Sorg-Fdrc. 

136. A dynamic range compressing method as defined in Claim 124 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

45 difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 ,Sus2 SusN)) Fdrc(Sorg,Sus1 .Sus2 SusN) 

=(1/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

so 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k:=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency corrponent signal, in which D represents the function 
55 for converting Sorg-Fdrc. 

137. A dynamic range compressing metiiod as defined in Claim 128 wherein the formation of said band-limited image 
signals, tiie formation of said converted image signals, tiie formation of said integration signal, tiie formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
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nal concerning the (ow frequency components to the original image signal are carried out with the formula: 



Sproc=Sorg+D(SorQ-Fdrc(Sorg,Sus1 .Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

=(1/N) • {f1(Sorg - Sus1>+t2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

5 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (ka1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
10 for converting Sorg-Fdrc. 

138. A dynannc range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 

15 nal conceming the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sus1 .Sus2 SusN)) Fdrc(Susl.Sus2....,SusN) 

«{f2(Sus1 - Sus2)+f3(Sus2 - Sus3)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

so wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the 
function for converting the band-limited innage signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the fonction 
for converting Sorg-Fdrc. 

25 

139. A dynamic range compressing method as defined in Claim 124 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are carried out with the formula: 

30 

Sproc=:Sorg+D(Sorg-Fdrc(Sus1 .Sus2 SusN)) Fdrc(Sus1 .Sus2 SusN) 

={f2(Sus1 - Sus2)+f3(Sus2 - Sus3)+... +fk(Susk-1 - Susk)+...+fN{SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
35 the original image signal, Susk (k^1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

40 140.A dynamic range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are carried out with the formula: 

^ Sproc=Sorg-i-D(Sorg-Fdrc(Sus1 .Sus2 SusN)) Fdrc(Sus1 .Sus2 SusN) 

«(1/N) • {f2(Sus1 - Sus2>+f3{Sus1 - Sus3)+,.. 4fk(Sus1 - Susk)+...+fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk {k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the 
so function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the fonction 
for converting Sorg-Fdrc. 

141 .A dynamic range compressing method as defined in Claim 141 wherein the formation of said band-limited image 
55 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency conponents to the original image signal are carried out with the formula: 
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Sproc=Sorg+D(Sorg-Fdrc(Sus1 ,Sus2 SusN)) Fdrc(Sus1 ,Sus2 SusN) 

=(1/N) • {f2(Sus1 - Sus2)+f3{Sus1 - Sus3)+... +fk(Sus1 - Susk)+...+fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
s the original Image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

10 142. A dynamic range compressing method as defined in Claim 123 wherein the formation of tiie plurality of said con- 
verted Image signals Is carried out by: 

converting a band-limited image signal such that the absolute value of the signal value of the band-limited 
Image signal may be converted to a value, which is not larger than said absolute value and is determined in 
15 accordance witii said absolute value, a restricted image signal being thereby obtained, 

forming an auxiliary image signal, which contains a signal of a frequency band lower than the frequency band 
of the band-limited image signal having been used for the formation of said restricted image signal, said auxil- 
iary Image signal being formed from tiie original Image signal and the plurality of said unsharp mask Image sig- 
nals, 

20 converting saki auxiliary image signal such that, as the absolute value of the signal value of said auxiliary 

image signal becomes small, said absolute value may be converted to a value close to 1 , and such that, as tiie 
absolute value of the signal value of said auxiliary image signal becomes large, said absolute value may be 
converted to a value close to 0, a magnification ratio signal corresponding to said restricted image signal being 
thereby obtained, and 

25 multiplying said restricted image signal by said magnification ratio signal, which corresponds to said restricted 

image signal. 

143.A dynamic range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
signals, ihe formation of said converted image signals, tiie formation of said integration signal, the formation of said 
30 difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to tiie original image signal are carried out with tiie formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 ,Sus2 SusN)) Fdrc(Sorg.Sus1 .Sus2....,SusN) 

55 ={f 1 (Sorg - Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 

+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +fN{SusN-1 - SusN) • g(SusN - SusN+1)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
40 the original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and thereby obtaining the restricted image signal, g rep- 
resents the function for converting the auxiliary image signal arxi thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression factor determined in accordance with the low fre- 
quency component signal, in which D represents the function for converting Sorg-Fdrc. 
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144.A dynamic range compressing method as defined in Claim 142 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to tiie original image signal are carried out witii the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 ,Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2,....SusN) 

={f1(Sorg - Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and tiiereby obtaining the restricted image signal, g rep- 
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resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression tector determined in accordance with the low fre- 
quency component signal, in which D represents the function for converting Sorg-Fdrc. 

145. A dynamic range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are candied out with the formula: 

Sproc=Sorg+D{Sorg-Fdrc(Sorg.Sus1.Sus2 SusN)) Fdrc(Sorg.Sus1.Sus2 SusN) 

={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original Image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and thereby obtaining the restricted image signal, g rep- 
resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression factor determined in accordance with the low fre- 
quency component signal, in which D represents the function for converting Sorg-Fdrc. 

146. A dynamic range compressing method as defined in Claim 142 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said Integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are canried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1,Sus2 SusN)) Fdrc(Sorg,Sus1.Sus2....,SusN) 

={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-1 - Sus>4 • g(Sorg - Susk+1)-f ... -ffNCSusN-l - SusN) • g(Sorg - SusN+1)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal ard thereby obtaining the restricted image signal, g rep- 
resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression factor detemnlned In accordance with the low fre- 
quency conrponent signal, in which D represents the function for converting Sorg-Fdrc. 

147. A dynamic range compressing method as defined in Claim 123 wherein the formation of the plurality of said con- 
verted image signals is carried out by: 

converting a low frequency side band-limited Image signal, which is of a frequency band lower than the fre- 
quency band of a band-limited image signal to be converted, with a non-linear function, an auxiliary image sig- 
nal for said band-limited Image signal to be converted being thereby obtained, said non-linear function having 
the characteristics such that the function may pass through an origin, such that the inclination of the function 
at the origin may be equal to approximately 0, and such that the inclination of tiie function may increase grad- 
ually as the value to be processed becomes large. 

adding said auxiliary image signal to said band-limited image signal to be converted, a composite band-limited 
image signal being thereby obtained, and 

converting said composite band-limited image signal such that the absolute value of the signal value of said 
composite band-limited image signal may be converted to a value, which is not larger than said absolute value 
and is determined in accordance with said absolute value. 

148. A dynamic range compressing method as defined in Claim 123 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency conponents to the original image signal are earned out witii tiie formula: 
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Sproc=Sorg+D(Sorg-Fclrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 ,Sus2 SusN} 

=[f1{(Sorg - Sus1)+g(SiJSl - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susk)+g(Susk - Susk+1 )}+... +fN[(SusN-1 - SusN)+g(SusN - SusN+1)}] 

5 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the composite band-limited image signal, g represents the function for converting the 
10 band-limited image signal and thereby obtaining the auxiliary image signal, and D(Sorg-Fdrc) represents the 
dynamic range compression factor determined in accordance with the low frequency component signal, in which D 
represents the function for converting Sorg-Fdrc. 

149. A dynamic range compressing method as defined in Claim 147 wherein the formation of said band-limited image 
15 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency conrponents. and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 



20 



Sproc=Sorg-fD(Sorg-Fdrc(Sorg,Sus1 .Sus2 SusN)) Fdrc(Sorg.Sus1 ,Sus2.....SusN) 

=[f1{(Sorg - Sus1)+g(Sus1 - Sus2)l +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
•hfk{(Susk-1 - Susk)+g(Susk - Susk+1)}+... +fN{(SusN-1 - SusN)-i^(SusN - SusN+l)}] 

25 wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal. Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the composite band-limited image signal, g represents the function for converting the 
band-limited image signal and thereby obtaining the auxiliary image signal, and D(Sorg-Fdrc) represents the 
dynamic range compression factor determined in accordance v\nth the low frequency component signal, in which D 

30 represents the function for converting Sorg-Fdrc. 

150.A dynamic range compressing method as defined in Claim 123 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object the image of which was recorded as the original irnage. 

35 

151 .A dynamic range compressing method as defined in Claim 124 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object, the image of which was recorded as the original image. 

40 152.A dynamic range compressing method as defined in Claim 128 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited Image signal In accordance with the portion of an 
object, the image of which was recorded as the original image. 

153. A dynamic range compressing method as defined in Claim 132 wherein the formation of the plurality of said con- 
45 verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 

object, the image of which was recorded as the origineU image. 

154. A dynamic range compressing method as defined in Claim 135 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 

so object, the image of which was recorded as the original image. 

155. A dynamic range compressing method as defined in Claim 138 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object, tiie image of which was recorded as the original image. 

55 

156. A dynamic range compressing method as defined in Claim 140 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object, the image of which was recorded as the original image. 
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157.A dynamic range compressing method as defined in Claim 142 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object the image of which was recorded as the original image. 

5 158.A dynamic range compressing method as defined in Claim 143 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 
object, the image of which was recorded as the original image. 

159. A dynamic range compressing method as defined in Claim 145 wherein the formation of the plurality of said con- 
10 verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 

object, the image of which was recorded as the original image. 

160. A dynamic range compressing method as defined in Claim 147 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a band-limited image signal in accordance with the portion of an 

15 object, the image of which was recorded as the original image. 

161 .A dynamic range compressing method as defined in Claim 148 wherein the formation of the plurality of said con- 
verted image signals is carried out by converting a tsand-limited image signal in accordance with the portion of an 
object, the image of which was recorded as the original image. 

20 

162. A dynamic range compressing method as defined in Claim 123 wherein the original image has been obtained from 
a tomographic Image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is carried out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

25 

163. A dynamic range compressing method as defined in Claim 124 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is earned out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

30 

164. A dynamic range compressing method as defined in Claim 128 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is carried out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along tiie direction of said flow pattern. 

35 

165. A dynamic range compressing method as defined in Claim 132 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and tiie formation of the plurality of said 
unsharp mask image signals is canied out by conducting unsharp mask processing on the original image signal tsy 
using a one<fimensional unsharp mask extending along tiie direction of said flow pattern. 

40 

166. A dynamic range compressing method as defined in Claim 135 wherein tiie original Image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is canied out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along ttie direction of said flow pattern. 

45 

167. A dynamic range compressing method as defined in Claim 138 wherein tiie original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask Image signals is carried out by conducting unsharp mask processing on tiie original image signal by 
using a one-dimensional unsharp mask extending along tiie direction of said flow pattern. 

so 

168. A dynamic range compressing method as defined in Claim 140 wherein tiie original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and tiie formation of the plurality of said 
unsharp mask image signals is carried out by conducting unsharp mask processing on the original image signal t)y 
using a one-dimensional unsharp mask extending along tiie direction of said flow pattern. 

55 

169. A dynamic range compressing method as defined in Claim 142 wherein the original Image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is canied out by conducting unsharp mask processing on tiie original image signal by 
using a one-dimensional unsharp mask extending along ttie direction of said flow pattern. 
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170.A dynamic range compressing method as defined in Claim 143 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is can-ied out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

1 71 .A dynamic range compressing method as defined In Claim 1 45 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is candied out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

172. A dynamic range compressing method as defined In Claim 147 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is carried out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

173. A dynamic range compressing method as defined in Claim 148 wherein tfie original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask image signals is carried out by conducting unsharp mask processing on tiie original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

174. A dynamic range compressing method as defined in Claim 1 50 wherein the original image has been obtained from 
a tomographic image recording operation and contains a flow pattern, and the formation of the plurality of said 
unsharp mask Image signals is carried out by conducting unsharp mask processing on the original image signal by 
using a one-dimensional unsharp mask extending along the direction of said flow pattern. 

175. A dynamic range compressing apparatus, wherein a signal concerning low frequency components of an original 
image Is added to an original image signal, which represents the original image, and the dynamic range of the orig- 
inal image is thereby compressed, the apparatus comprising : 

i) an unsharp mask image signal forming means for forming a plurality of unsharp mask Image signals, which 
have different frequency response characteristics, from the original Image signal. 

ii) a band-limited image signal forming means for forming a plurality of band-limited image signals, each of 
which represents one of signals failing witiiin a plurality of different frequency bands of the original image sig- 
nal, from the original image signal and the plurality of satel unsharp mask image signals, or from the plurality of 
said unsharp mask image signals, 

iii) a conversion means for carrying out a converting process on at least a single band-limited image signal, 
which is among the plurality of said band-limited image signals, such that at least a portion of the band-limited 
image signal may become small, and thereby fbnning a plurality of converted image signals, 

iv) an integration means for integrating the plurality of said converted image signals, and fliereby obtaining an 
integration signal, 

v) a subtraction means for subtracting said integration signal from the original image signal, and thereby 
obtaining a difference signal, and 

vi) a compressing process means for converting said difference signal, and thereby obtaining the signal con- 
cerning the low frequency conponents of the original image, which signal is to be added to the original image 
signal. 

176. A dynamic range compressing apparatus as defined in Claim 175 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal having a signal value, the absolute 
value off which is larger than a predetermined tiireshold value, such that tiie absolute value of the signal value of 
the band-limited image signal, which absolute value is larger than the predetermined threshold value, may be con- 
verted to a small value. 

177. A dynamic range compressing apparatus as defined in Claim 176 v»/herein said conversion means ftirms the plu- 
rality of said converted image signals by converting a band-limited image signal such that, as the absolute value of 
the signal value of the band-limited image signal becomes larger than tiie predetermined threshold value, the abso- 
lute value of the signal value of the band-limited image signal may be converted to a small value, and such that, as 
the absolute value of tiie signal value of the band-limited image signal becomes smaller than a different threshold 
value, which is smaller than the pred^ermined threshold value, the absolute value of the signal value of the band- 
limited image signal may be converted to a small value. 
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178. A dynamic range compressing apparatus as defined in Claim 176 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal such that the level of the absolute 
value of the signal value of the band-limited image signal may be changed in accordance with the frequency band 
of the band-limited image signal. 

5 

179. A dynamic range compressing apparatus as defined in Claim 177 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-linruted image signal such that the level of the absolute 
value of the signal value of the band-limited image signal may be changed in accordance with the frequency band 
of the band-limited image signal. 

10 

180. A dynamic range compressing apparatus as defined in Claim 175 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with one of a plural- 
ity of functions, which vary for different frequency bands, such that the absolute value of the signal value of the 
band-limited Image signal may be converted to a value, which is not larger than said absolute value and is deter- 

75 mined in accordance with said absolute value. 

181 .A dynamic range compressing apparatus as defined in Claim 180 wherein each of the functions, which are used 
for the formation of said converted image signals, converts a band-limited image signal having a signal value, the 
absolute value of which is larger than a predetermined value, such that the value of the converted image signal may 

20 become approximately equal to a predetermined level, and wherein the functions are set such that, in a function for 
processing a high frequency band, said predetermined value is set to be smaller than those in the other functions. 

182 dynamic range compressing apparatus as defined in Claim 180 wherein the functions, which are used for the for* 
mation of said converted image signals, are set such that, in a function for processing a low frequency band, the 

25 absolute value of the converted image signal, that Is obtained when the band-Gmited image signal having a signal 
value, the absolute value of which falls within a predetermined range close to 0. is converted, may take a value 
smaller than those in the other functions. 

183.A dynamic range compressing apparatus as defined in Claim 181 wherein the functions, which aire used for the for- 
30 mation of said converted image signals, are set such that, in a function for processing a low frequency band, the 
absolute value of the converted image signal, that is obtained when the band-limited image signal having a signal 
value, the absolute value of which falls within a predetermined range close to 0, is converted, may take a value 
smaller than those in the other functions. 

35 184.A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said t>and-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

40 Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 ,Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2..„.SusN) 

={f1(Sorg - Sus1}+f2(Sus1 - Sus2)-h... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represerrts the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
45 function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

185.A dynamic range compressing apparatus as defined in Claim 1 76 wherein the formation of said band-limited image 
so signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are canried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc{Sorg,Sus1 .Sus2.... .SusN)) Fdrc(Sorg,Sus1.Sus2....,SusN) 
55 ={f1{Sorg - Sus1)+f2(Sus1 - Sus2)+... +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
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sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

1 86. A dynamic range compressing apparatus as defined in Claim 1 80 wherein the formation of said band-limited image 
5 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out wrtii the formula: 

Sproc=Sorg+D{Sorg-Fdrc(Sorg,Sus1 .Sus2.....SusN)) FdrcfSorg.SusI .Sus2 SusN) 

10 ={f1(Sorg - Sus1}4f2(Susi - Sus2)+... -i-fkCSusk-l - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg r^resents 
the original image signal, Susk (k=l to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
75 sion factor determined in accordance with tiie low frequency component signal, in which D represents tiie function 
for converting Sorg-Fdrc. 

187. A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

so difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to tiie original image signal are carried out with tiie formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1.Sus2.....SusN)) Fdrc(Sorg.Sus1.Sus2,...,SusN) 
=(1/N) • {f1(Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

2S 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents tiie 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynaimic range compres- 
sion factor determined in accordance with tiie low frequency component signal, in which D represents tiie function 
30 for converting Sorg-Fdrc. 

188. A dynamic range compressing apparatus as defined in Claim 1 76 wherein tiie formation of said band-limited image 
signals, tiie formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 

35 nal concerning the low frequency components to tiie original image signal are carried out with the fornrujia: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 ,Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

=(1/N) • {f 1{Sorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

40 wherein Sproc represents tiie image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal, Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion foctor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

45 

189. A dynamic range compressing apparatus as defined in Claim 1 80 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

so 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

=(1/N) • {fllSorg - Sus1)+f2(Sorg - Sus2)+... +fk(Sorg - Susk)+...+fN(Sorg - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
55 the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=1 to N) represents tiie 
function for converting the band-limited image signal, and D{Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 
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1 90.A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

5 

Sproc=Sorg+D(Sorg-Fdrc(Sus1 .Sus2....,SusN)) Fdrc(Sus1 .Sus2 SusN) 

={f2(Sus1 - Sus2)+f3(Sus2 - Sus3K-. +fk(Susk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
10 the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk {k:=2 to N) represents the 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
for converting Sorg-Fdrc. 

IS 1 91 .A dynamic range compressing apparatus as defined in Claim 1 76 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the fornnation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are carried out witii the formula: 

^ Sproc=Sorg+D(Sorg-Fdrc(Sus1 ,Sus2 SusN)) Fdrc(Sus1 .Sus2 SusN) 

={f2(Sus1 - Sus2)+fe(Sus2 - Sus3)+... +fKSusk-1 - Susk)+...+fN(SusN-1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal. Susk (k?1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents the 
25 function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 

for converting Sorg-Fdrc. 

1 92. A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said barxi-limited image 
30 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are candied out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sus1,Sus2 SusN)) Fdrc(Sus1 ,Sus2 SusN) 

35 =(1/rvO • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... +fk(Sus1 - Susl^+...+fN(Sus1 - SusN)} 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N) represents the unsharp mask image signal, fk (k=2 to N) represents tine 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
40 sion foctor determined in accordance with the low frequency component signal, In which D represents the function 
for converting Sorg-Fdrc. 

1 93. A dynamic range compressing apparatus as defined in Claim 1 76 wherein the formation of said barxi-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

45 difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sus1 ,Sus2,.,-,SusN)) Fdrc(Sus1 .Sus2,...,SusN) 

=(1/N) • {f2(Sus1 - Sus2)+f3(Sus1 - Sus3)+... +fk(Sus1 - Susl^+...+fN(Sus1 - SusN)} 

so 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N) represents ttie unsharp mask image signal, fk (k=:2 to N) represents tiie 
function for converting the band-limited image signal, and D(Sorg-Fdrc) represents the dynamic range compres- 
sion factor determined in accordance with the low frequency component signal, in which D represents the function 
55 for converting Sorg-Fdrc. 

194. A dynamic range compressing apparatus as defined in Claim 175 wherein said conversion means comprises: 

a restricted image signal fomiing means for converting a band-limited image signal such tiiat tiie absolute 
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value of the signal value of the band-limited image signal may be converted to a value, which is not larger than 
said absolute value and is determined in accordance with said absolute value, and thereby obtaining a 
restricted image signal. 

an auxiliary image signal forming means for forming an auxiliary image signal, which contains a signal of a fre- 
5 quency band lower than the frequency band of the band-limited image signal having been used for the forma- 

tion of said restricted image signal, said auxiliary image signal being fbnned from the original image signal and 
the plurality of said unsharp mask image signals. 

a magnification ratio signal forming means for converting said auxiliary image signal such that, as the absolute 
value of the signal value of said auxiliary image signal becomes small, said absolute value may be converted 
10 to a value dose to 1. and such that, as the absolute value of the signal value of said auxiliary image signal 

becomes large, said absolute value may be converted to a value close to 0, and thereby obtaining a magnifi- 
cation ratio signal corresponding to said restricted image signal, and 

a multiplication means for multiplying said restricted image signal by said magnification ratio signal, which cor- 
responds to said restricted image signal. 

15 

1 95. A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said band-limited image 
signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with the formula: 

20 

Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 ,Sus2 SusN)) Fdrc{Sorg.Sus1 ,Sus2 SusN) 

={f1(Sorg - Sus1) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1)} 

25 

wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk {k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and thereby obtaining the restricted image signal, g rep- 
30 resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression factor determined in accordance with the low fre- 
quency component signal, in which D represents the function for converting Sorg-Fdrc. 

1 96. A dynamic range compressing apparatus as defined in Claim 1 94 wherein the formation of said band-limited image 
35 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal concerning the low frequency components to the original image signal are carried out with tiie formula: 



40 Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 . Sus2 SusN)) Fdrc(Sorg,Sus1 , Sus2. ... ,SusN) 

={f1(Sorg - Susi) • g(Sus1 - Sus2) +f2(Sus1 - Sus2) • g(Sus2 - Sus3)+... 
+fk(Susk-1 - Susk) • g(Susk - Susk+1)+... +fN(SusN-1 - SusN) • g(SusN - SusN+1)} 

45 wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k^i to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting tiie band-limited image signal and thereby obtaining the restricted image signal, g rep- 
resents the function for converting the auxiliary image signal and thereby ot>taining the magnification ratio signal, 
and D(Sorg-Fdrc) represents the dynamic range compression factor determined in accordance with tiie low fre- 

50 quency component signal, in which D represents the function for converting Sorg-Fdrc. 

1 97.A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said band-limited image 
signals, the formation of said converted Image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
55 nal concerning the low frequency components to tiie original image signal are carried out witii the formula: 
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Sproc=Sorg+D(Sorg-Fdrc(Sorg.Sus1 .Sus2.....SusN)) Fdrc(Sorg.Sus1 ,Sus2 SusN) 

={f1(Sorg - Susi) • g(Sorg - Sus2) +f2(Sus1 - Sus2) • g(Sorg - Sus3)+... 
+fk(Susk-l - Susk) • g(Sorg - Susk+1)+... +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

5 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original Image signal. Susk (k=1 to N+1) represents the unsharp mask Image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and thereby obtaining the restricted image signal, g rep- 
10 resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal, 
and D(Sorg-Fdrc} represents the dynamic range compression toctor determined in accordance with the low fre- 
quency component signal. In which D represents the function for converting Sorg-Fdrc. 

1 98. A dynamic range compressing apparatus as defined in Claim 1 94 wherein the formation of said band-limited image 
75 signals, the formation of said converted image signals, the formation of said integration signal, the formation of said 

difference signal, the formation of the signal concerning the low frequency components, and the addition of the sig- 
nal conceming the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 .Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

«{f1(Sorg - Sus1) • g{Sorg - Sus2) +f2 (Sus1 - Sus2) - g(Sorg - Sus3)+... 
+fk(Susk-1 - Susk) • g(Sorg - Susk+1)+.., +fN(SusN-1 - SusN) • g(Sorg - SusN+1)} 

25 wherein Sproc represents the image signal, in which the dynamic range has been compressed. Sorg represents 
the original image signal. Susk (k=1 to N+1) represents the unsharp mask Image signal, fk (k=1 to N) represents 
the function for converting the band-limited image signal and thereby obtaining the restricted Image signal, g rep- 
resents the function for converting the auxiliary image signal and thereby obtaining the magnification ratio signal. 
arKi D(Sorg-Fdrc) represents the dynamic range compression factor determined in accordance with the low fre- 

30 quency component signal, in which D represents the function for converting Sorg-Fdrc. 

199. A dynamic range compressing apparatus as defined in Claim 175 wherein said conversion means comprises: 

an auxiliary image signal forming means for converting a low frequency side band-limited image signal, which 
35 is of a frequency band lower than the frequency band of a band-limited image signal to be converted, with a 

non-linear function, and thereby obtaining an auxiliary Image signal for said band-llmrted image signal to be 
converted, said non-linear function having the characteristics such that the function may pass through an ori- 
gin, such that the inclination of the function at the origin may be equal to approximately 0, and such that the 
inclination of the function may increase gradually as the value to be processed becomes large, 
40 a composite band-limited image signal forming means for adding said auxiliary image signal to said band-lim- 

ited Image signal to be converted, and thereby obtaining a composite band-limited Image signal, and 
a converted image signal forming means for converting said composite barKi-limited image signal such that the 
absolute value of the signal value of said composite band-limited image signal may be converted to a value, 
which is not larger than said absolute value arxi is determined in accordance with said absolute value, and 
45 thereby forming a converted image signal. 

200. A dynamic range compressing apparatus as defined in Claim 1 75 wherein the formation of said band*limited image 
signals, the formation of said converted image signals, the formation of said Integration signal, the formation of said 
difference signal, the formation of the signal conceming the low frequency components, and the addition of the sig- 

50 nal conceming the low frequency components to the original image signal are carried out with the formula: 

Sproc=Sorg+D(Sorg-Fdrc(Sorg,Sus1 .Sus2....,SusN)) Fdrc(Sorg,Sus1 ,Sus2....,SusN) 
=[f1{(Sorg - Sus1)+g(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
^5 +fk{(Susk-1 - Susk)+g(Susk - Susk+1)}+... +fN{(SusN-1 - SusN)+g(SusN - SusN+1)}] 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N+1) represents the unsharp mask image signal, fk (k=1 to N) represents 
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the function for converting the composite barxi-limited image signal, g represents the function for converting the 
band-limited image signal and thereby obtaining the auxiliary image signal, and D(Sorg-Fdrc) represents the 
dynamic range corrpression factor determined in accordance with the low frequency component signal, in which D 
represents the function for converting Sorg-Fdrc. 

5 

201 .A dynamic range compressing apparatus as defined in Claim 1 99 wherein the formation of said band-limited image 
signals, the fomiation of said converted image signals, the formation of said integration signal, the formation of said 
difference signal, the formation of the signal concerning the low frequency conponerrts. and the addition of the sig- 
nal concerning the low frequency components to tiie original image signal are carried out with the formula: 

10 

Sproc=Sofg+D(Sorg-Fdrc{Sorg,Sus1 ,Sus2 SusN)) Fdrc(Sorg,Sus1 ,Sus2 SusN) 

=[f1{(Sorg - Sus1)+g(Sus1 - Sus2)} +f2{(Sus1 - Sus2)+g(Sus2 - Sus3)}+... 
+fk{(Susk-1 - Susl^+g(Susk - Susk+1)}+... +fN{{SusN-1 - SusN)+g(SusN - SusN+1)}] 

IS 

wherein Sproc represents the image signal, in which the dynamic range has been compressed, Sorg represents 
the original image signal, Susk (k=1 to N+1) represerrts the unsharp mask image signal, fk (k=1 to N) represents 
the function for converting the composite band-limited image signal, g represents the function for converting the 
20 band-limited image signal and thereby obtaining the auxiliary image signal, and D(Sorg-Fdrc) represents the 
dynamic range compression factor determined in accordance with the low frequency component signal, In which D 
represents the function for converting Sorg-Fdrc. 

202. A dynamic range compressing apparatus as defined in Claim 175 wherein said conversion means forms the plu- 
25 rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 

an object, the image of which was recorded as the original image. 

203. A dynamic range compressing apparatus as defined in Claim 176 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 

30 an object, the image of which was recorded as the original image. 

204. A dynamic range compressing apparatus as defined in Claim 180 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object, the image of which was recorded as the original image. 

35 

205. A dynamic range compressing apparatus as defined in Claim 184 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance witii the portion of 
an object, the image of which was recorded as the original image. 

40 206.A dynamic range compressing apparatus as defined in Claim 187 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object, the image of which was recorded as the original image. 

207. A dynamic range compressing apparatus as defined in Claim 190 wherein said conversion means forms the plu- 
4S rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 

an object, the image of which was recorded as the original image. 

208. A dynamic range compressing apparatus as defined in Claim 192 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 

so an object, the image of which was recorded as the original image. 

209. A dynamic range compressing apparatus as defined in Claim 194 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object, the image of which was recorded as the original image. 

55 

210. A dynamic range compressing apparatus as defined in Claim 195 wherein said conversion means forms tiie plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object the image of which was recorded as the original image. 
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211. A dynamic range compressing apparatus as defined in Claim 197 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object, the image of which was recorded as the original image. 

5 212.A dynamic range compressing apparatus as defined in Claim 199 wherein said conversion means forms the plu- 
rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 
an object, the image of which was recorded as the original image. 

213. A dynamic range compressing apparatus as defined in Claim 200 wherein said conversion means forms the plu- 
10 rality of said converted image signals by converting a band-limited image signal in accordance with the portion of 

an object, the image of which was recorded as the original image. 

214. A dynamic range compressing apparatus as defined in Claim 175 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 

15 forming means forms the plurality of said unsharp mask Image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of seud flow pat- 
tern. 

215. A dynamic range compressing apparatus as defined in Claim 176 wherein the original image has been obtained 
20 from a tomographic image recording operation and contains a flow pattem, and said unsharp mask image signal 

forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask exterxiing along the direction of said flow pat- 
tern. 

25 21 6. A dynamic range compressing apparatus as defined in Claim 180 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

30 

21 7. A dynamic range compressing apparatus as defined in Claim 184 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along tiie direction of said flow pat- 

35 tern. 

218. A dynamic range compressing apparatus as defined in Claim 187 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattem, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 

40 the original image signal by using a one-dimensional unsharp mask exterxling along the direction of said flow pat- 
tern. 

219. A dynamic range compressing apparatus as defined in Claim 190 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 

45 forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said f bw pat- 
tern. 

220. A dynamic range compressing apparatus as defined in Claim 192 wherein the original image has been obtained 
so from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 

forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

55 221 .A dynamic range compressing apparatus as defined in Claim 194 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 
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222. A dynamic range conrpressing apparatus as defined in Claim 195 >wherein the original image has been obtained 
from a tomographic image recording cperation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one<fimensional unsharp mask extending along the direction of said flow pat- 

5 tern. 

223. A dynamic range compressing apparatus as defined in Claim 197 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 

10 the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

224. A dynamic range connpressing apparatus as defined in Claim 199 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 

15 forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

225. A dynamic range compressing apparatus as defined in Claim 200 wherein the original image has been obtained 
20 from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 

forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

25 226.A dynamic range compressing apparatus as defined in Claim 202 wherein the original image has been obtained 
from a tomographic image recording operation and contains a flow pattern, and said unsharp mask image signal 
forming means forms the plurality of said unsharp mask image signals by conducting unsharp mask processing on 
the original image signal by using a one-dimensional unsharp mask extending along the direction of said flow pat- 
tern. 

30 



35 



40 



45 



SO 



SB 



61 

3NSDOCID: <EP P76e202A2_L> 



EP0 766 202A2 



F I G.I 



Sorg 



MULTI-RESOLUTION 

TRANSFORMING 

APPARATUS 



FILTERING 
PROCESS MEANS 






INTERP 
PROCESS 


OLATING 
; MEANS 



TO FREQUENCY EMPHASIS 
PROCESSING OR THE LIKE 



62 



EP 0 766 202 A2 



F I G.2 



10 



Sorg- 



Bi. 



82" 



10 



11 



L 






Bi 






10 














B2 





11 









L 


B3 





■-Susi 



SUS2 



'SUS3 





— -> 10 


y 


^ 


L 










Bn 





SUSN 



3NSDOCID: <EP ^0766202A2J_> 



63 



EP0 766 202 A2 



F I G.3 



0.05 


0.25 


0.4 


0.25 


0.05 



Bn 



F I G.4 



Sorg o 



o 



Bi o 



B2 



O 



64 



BNSOOCID: <EP. 



.07G6202A2_I_> 



EP 0 766 202 A2 



F I G .5 




ty^ FREQUENCY 



F I G.6 



0.0025 


0.0125 


0.02 


0.0125 


0.0025 


0.0125 


0.0625 


0.1 


0.0625 


0.0125 


0.02 


0.1 


0.16 


0.1 


0.02 


0.0125 


0.0625 


0.1 


0.0625 


0.0125 


0.0025 


0.0125 


0.02 


0.0125 


0.0025 



F I G.7 



0.1 


0.5 


0.8 


0.5 


0.1 



65 



EP 0 766 202 A2 



F I G.8 



0.1 05 0.8 05 0.1 

0.1 0.5 0.8 0.5 0.1 



F I 6.9 



F2 



0.05 


0.13 


0.3 


0.5 


0.65 


0.74 


0.65 


0.5 


0.3 


0.13 


0.05 



F I G .10 



-m 



o # 



F I G.II 




FREQUENCY 



3NSDCXID: <EP P76e202A2J_> 



EP 0 766 202 A2 



F I G .12 

Sorg 

i 

UNSHARP IMAGE 
SIGNAL FORMING 
MEANS 

T 

BAND -LIMITED IMAGE 

SIGNAL FORMING 
MEANS 

T 

CONVERSION MEANS 
INTEGRATION MEANS 

- i 

FREQUENCY EMPHASIS 
PROCESSING MEANS 



t 

Sproc 



3NSIXX:iD: <EP ^07e6202Aaj_> 



67 



EP 0 766 202 A2 



F I G.13 



Sorg 



23 




Susi 



SUS2 



Suss 



in I .22I 

( t • 



21 



cm 

22 

oti- 



WOib- 



SUSN-t 



SUSN 




.O7e6202A2_L> 



68 



EP0 766 202 A2 




F I G .15 

u 



-Thi 



Thi 



3NSOOCID: <EP P766202A2J_> 



69 



EP 0 766 202 A2 



F I G.16 



LlI 

cn 

2 
O 
Q. 

UJ 4 

q: ^ 



-5^ 



FREQUENCY 

F I G .17 



UJ 
CO 

z 
o 

Q. 
CO 
tU 1 



FIG. 18 



FREQUENCY 




.076e202A2_L> 



70 



EP0 766 202 A2 



F I G.19 





71 

3NSDCX;rD: <EP 076e202A2_L> 



EP 0 766 202 A2 



F I G.21 




BNSDOCID: <EP p76e202A2.L> 



72 



EP0 766 202 A2 



F I G . 22 




HIGH 
LOW 



■NSDCXJID: <EP p7e6202A2J, 



73 



EP0 766 202 A2 



F I G.23 




FREQUENCY 



F I G.24 




0 FREQUENCY 



BNSDOCID: <EP ^0766202A2J_> 



74 



EP0 766 202 A2 



F I G.25 



fi(Sus(i-1)-Susl) 



LOW 




75 

BNSIXXSIO: tEP .O7e6a02A2_l_> 



EP0 766 202 A2 



F I G . 26 

a 

fi(Sus(i-l )-Susi) 




BNSDOCID: <EP p7ee202A2J_> 



76 



EP0766 202 A2 



F I G.27 



fi(Sus(i-1 )-Susi) 




<EP P766202A2J_> 



77 



EP0 766 202 A2 



LU 
O) 
Z 

o 

0. 
CO 
LU 



FIG.28A-1 



\frm\ 



FREQUENCY 



UJ 

O 
Q. 



FIG.28B-1 



FREQUENCY 



UJ 
CO 

z 
o 

Q. 
•CO 
LU 

q: 



FI6.28C-1 



FIG.28A-2 



UJ 
CO 
Z 

o 

Q. 
CO 
UJ 1 

q: 



FREQUENCY 

FIG.28B-2 



UJ 

CO 

z 
o 

Q. 
CO 



FREQUENCY 

Fl G.28C-2 



FREQUENCY 




FREQUENCY 



78 



''7e8ao2Az_i_> 



EP 0 766 202 A2 



F I G^9A 




Sorg-Sus1 
Sus1-Sus2 
Sus2-Sus3 
Sus3-Sus4 



F IG.29B 





BNSDOCID: <EP ,076e202A2_L> 



79 



EP0 766 202A2 




80 



-E • ^076620aA2J_> 



EP0 766 202 A2 



F I G .31 

i i 




aNSIXXID: <EP ^076ea02A2J_> 



81 



EPO 766 202 A2 



F I G .32 

J i 




3NSDOCID: <EP ^076e202A2J_> 



82 



EP0 766 202 A2 



liJ 
(O 

O 
Q. 

LiJ 



F I G.33 



FREQUENCY 



F I 6.34 




FREQUENCY 



83 

3NSD0CI0: <EP P76e202Ae_l_> 



EP 0 766 202 A2 



F I 6.35 



Sorg 



Sproc 




84 



JNSOCXSID: <EP 076e202AS_l_> 



EP 0 766 202 A2 



F I G.36 




ISusi— Sus(i+1)| 



3NSDOCID: <EP ^07ee202A2J_> 



85 



EP0 766 202 A2 



F I G.37A 



Sorg : III 


1 I 

1 1 Sorg-Sus1 
@ Sus1-Sus2 
■ Sus2-Sus3 


FIG.37B 

Sus1-Sus2 1 1 1 




FIG.37C 

Sus2-Sus3 I i ! 






. K 


■ ■ ■ 

F 1 G.37D 




g((3)) i : : 


J _ in 




F 1 G.37E 




f«2))X(4) i 1 i 

i iA 





86 



BNSDOCIO: <EP 97eeZ02A2_l_» 



EP0 766 202 A2 




87 



NSOOCID: <EP 076e2O2A2J_> 



EP 0 766 202 A2 



F I G .39 



Sorg 




Sproc 



BNSDOCID: <EP g76e202A2_L> 



EP0 766 202 A2 



F I 6.40 




I Susi—SusO+l) 



F I 6.41 




I Susi-Sus(i+1) 



iNSDOCID: <EP .O7e6a02A2_l_> 



89 



EP 0 766 202 A2 



F I G.42A 



Sorg 



Fl G.42B 

Sus1-Sus2 



F I 6.42C 

Sus2-Sus3 




F I G.42D 



g((3)) 

FIG.42E 

(2)-K4) 

F I G.42F 

f((2)+(4)) 




90 



BNSDCCID: <EP. 



.076e202A3_l_> 



EP 0 766 202 A2 



F I G . 43 

Sorg 

I 

UNSHARP IMAGE 
SIGNAL FORMING 
MEANS 



BAND-LIMITED IMAGE 
SIGNAL FORMING 
MEANS 



CONVE RSION MEANS 

T 



INTEGRATION MEANS -4 



I 



SUBTRACTION MEANS -^,6 



I 



COMPRESSING 
PROCESS MEANS 



T 



Sproc 



3NSDCCID: <EP ^0766202A2_L> 



91 



EP0 766 202 A2 



F I G.44 




92 



EP 0 766 202 A2 



F I G .46 



1 




F I G.47e 

1 



93 



EP 0 766 202 A2 



F I G . 48 



lU 
CO 

O 
Q. 
O) 
UJ 




FREQUENCY 



F I 6.49 




FREQUENCY 

F I G .50 




FREQUENCY 



94 



mSDOCID: <EP p76e202A2_l_> 



EP0 766 202 A2 

F I G .51 

fl(Sus(j-1)-Susi) " 




F I G.52 




95 

3NSDOCID: <EP p76e202A^I_> 



(19) 



J 



Europiisches Patentamt 
European Patent Office 
Office europ^en des brevets 



(12) 



(11) EP 0 766 202 A3 

EUROPEAN PATENT APPLICATION 



(88) Dateof pul3lication A3: 

14.01.1998 Bulletin 1998/03 

(43) Date of publication A2: 

0^04.1997 Bulletin 1997/14 

(21) Application number: 96115572.8 

(22) Date of filing: 27.09.1996 



(51) int.Ci«: G06T3/40, H04N 1/40, 
G06T5/20, G06T9/00 



(84) Designated Contracting States: 


(71) Applicant: 


BE DE FR GB ITNLSE 


Fuji Photo Rim Co., Ltd. 


(30) Priority: 29.09.1995 JP 252088/95 


Kanagawa-ken (JP) 


29.09.1 995 JP 252089/95 


(72) Inventors: 


29.09.1995 JP 252090/95 


• Ito, Wataru, 


1 2.1 2.1 995 JP 3231 21 /95 


Fuji Plioto Rim Co., Ltd. 


28.06.1996 JP 169062/96 


Ashigarakaml-gun, Kanagawa-ken (JP) 


28.06.1996 JP 169063/96 


• Yamada, Mlasahiko, 


28.06.1996 JP 169064/96 


Fuji Photo Rim Co., Ltd. 


28.06.1996 JP 169065/96 


Ashigarakami-gun, Kanagawa-ken (JP) 


02.07.1996 JP 172498/96 




1 1 .07.1 996 JP 1 821 55/96 


(74) Representative: 


11.07.1996 JP 182156/96 


Kiunker . Schmitt-Nlison . Hirsch 




Wlnzererstrasse 106 




80797 Munchen (DE) 



CO 

< 

CNJ 

o 

CM 

CO 
CO 



(54) Image processing method and apparatus 

(57) A filtering process and an interpolating opera- 
tion process are carried out in steps on an original 
image signal and. In the respective steps, a plurality of 
unsharp image signals are formed, which represent 
images having the same size as the size of the original 
image and have different frequency characteristics. 
Band-limited image signals are formed from the 
unsharp image signals and the original image signal, 
restricted by conversion, and integrated. An integration 
signal composed of predetermined frequency compo- 
nents of the original image signal is thereby formed. The 
frequency emphasis processing is carried out by multi- 
plying the integration signal by an emphasis coefficient, 
and adding the resulting product to the original image 
signal. The dynamic range compressing process is car- 
ried out by converting a difference signal, which is 
obtained by subtracting the integration signal from the 
original image signal, and adding the converted differ- 
ence signal to the original image signal. An artifact is 
thereby prevented from occurring at a region in the 
vicinity of an edge. 
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